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Abstract    
 
Introduction 
Run-off from Johannesburg mine dumps is a source of environmental pollution 
and a public health concern. This study focussed on assessing and developing 
remediation strategies for Manuel Street Park (MSP) that has been affected by 
run-off from the Princess Mine dump.  Study objectives were threefold: to use a 
survey involving residents living around MSP to determine community use and 
perception of rehabilitation of the Park; to determine the impact of the addition of a 
preparation known as “Effective Micro-organisms” (EM®) to polluted Park soil and; to 
prepare a remediation plan for this Park.  
Methodology 
A qualitative survey was conducted amongst users of the park as to their use and 
perceptions of rehabilitation of the park and their understanding of mine-related 
pollution and acid mine drainage. Controlled greenhouse trials were conducted to 
determine optimal germination and growth of Pennisetum clandestinum (Kikuyu 
grass) in Park soil, with and without EM® or compost.  A landscaper was consulted 
to collate research results to facilitate park rehabilitation. 
Results 
Survey participants understood the risks of Acid Mine Drainage (AMD) and other 
mine pollution and gave valuable information which assisted in understanding 
local issues concerning the park. Tests with soil polluted with AMD showed that it 
promoted seed germination while treatment of park soil with fertiliser, compost 
and enhanced microorganisms improved plant development and growth.  
Practically, it was determined that the use of EM1 at the park would be difficult 
because of on-going flooding of the park with contaminated water. For this 
reason, an improved drainage plan was suggested, along with raised walkways.   
Conclusion 
A remediation plan can be implemented on site involving installation of French 
drains, raised walkways, and soil remediation involving EM®. 
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Chapter 1: Background to study 
1.1 Introduction 
1.1.1 Mining history in southern Africa 
In 12th century Southern Africa, gold was mined and traded between the inhabitants 
of Sofalan in Mapungubwe (now a farm in Greefswald that borders the Limpopo river 
and Shashi rivers and the South African, Botswanan and Zimbabwean borders) with 
Arab (Islamic Swahili) and Chinese traders (Miller, 2000; Carruthers, 2006). 
Mapungubwe is today a world heritage site and is managed by the South African 
National Parks (SANPARKS).  
There is no archaeological evidence as to whether the early mining activities caused 
environmental impacts or contamination. However, it is suggested that people who 
were mining at that time had knowledge on how to conserve the environment (Miller, 
2000).  During the gold rush era (late 19th century) gold mining expanded in colonial 
Southern Africa, and then to Johannesburg where gold was discovered in 1886 
(Miller, 2000). 
1.1.2 Mining and the history of Johannesburg 
Gold was discovered on the Highveld in the Main Reef Conglomerates in 1886 by 
George Harrison, who was an Australian prospector (Sutton, 2006). Johannesburg 
began on 20 September 1886 when President Paul Kruger declared the area open 
for public digging, under the leadership of Carl von Brandis. Once gold was 
discovered the city grew quickly from a tent town to wood and iron shacks to brick 
buildings, within a decade or two (City of Johannesburg, 2014). By 1910 there were 
already a large number of suburbs (Mubiwa, 2013) and this resulted in a need for 
public open spaces or parks for recreational use (Beavon, 2004; Atkinson, 2014). 
Johannesburg was declared a city in 1928. 
Around the 1890s it was discovered that there were large gold reserves and cheap 
labour was needed in Johannesburg to access this gold. It was then that rural 
indigenous Africans were recruited to provide labour and that resulted in the growth 
of population in the Witwatersrand (Mubiwa, 2013). People from Western Europe 
arrived in Johannesburg around 1886, and indentured Indian labour from the sugar 
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cane plantations in Natal were brought to the goldfields as labourers in 1887 and 
onwards (Beavon, 2004). Coloureds from the Cape also were drawn to the goldfields 
and came to the Reef in and around 1887 (Beavon, 2004).  
Subsequently, migrant workers from southern Africa (Zambia, Mozambique, 
Lesotho, Swaziland, Tanzania and Botswana) accounted for about 60% of the labour 
force until around 1994 when South Africans began to account for most of the 
workforce (Nicol, 2013). Workers were accommodated in compounds which often 
segregated mine workers by ethnic group (Botkin and Keller, 2005; Harington, 2004).   
Mining has been a considerable source of wealth for the City of Johannesburg since 
gold was discovered but with mine closures in the gold mining industry, these 
benefits are ending (Mubiwa, 2013). As mine closure and associated job losses have 
occurred, socio-economic impacts resulted including unemployment and health 
issues of former miners (Harrington, 2004). Furthermore, there are severe 
environmental challenges in the Witwatersrand from gold mining that remain 
unaddressed and this study will describe some of these. While legislation now exists 
to ensure that such environmental challenges are avoided or mitigated, the actual 
remediation of mining damage is a costly and technically challenging issue 
(Limpitlaw, et al 2005). 
1.1.3 Remedying the legacy of gold mining in South Africa 
The post-1994 South African Constitution Act 108 of 1996 entrenched the right of 
citizens to an environment that is not detrimental to their health, and is a starting 
point for such remediation (Republic of South Africa, 1996).  
Of key importance is Chapter Two, Section 24, which states that, everyone:   
“has the right to an environment that is not harmful to their health or wellbeing, and to 
have the environment protected for the benefit of present and future generations 
through reasonable legislative and other measures that prevent pollution and ecological 
degradation; that promote conservation, and that secure ecologically sustainable 
development and use of natural resources while promoting justifiable economic and 
social development”. 
Chapter Seven of the Constitution states that local government (municipalities) have 
an objective to promote a safe and healthy environment as well as encouraging the 
involvement of communities in their environment.  
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It is, therefore, necessary to understand the risk that mine pollution has on public 
health and the environment at large (Sutton et al, 2006). Examples of public health 
risks from mining are occupational diseases such as mesothelioma, asbestosis, and 
silicosis (Sutton, 2007).   
To govern how mines must rehabilitate the landscape following closure of mining 
operations and to give effect to the right of South Africans to an environment that is 
not detrimental to their health, mining legislation exists in South Africa, including the 
Mineral and Petroleum Resources Development Act 28 of 2002 (MPRDA). In the 
case of the older Witwatersrand mines, the mines closed long before this legislation 
came into being, leaving many un-rehabilitated sites which are now a source of 
environmental health risk. Mine dumps (slimes dams) that were created before the 
Act are not regulated by the, MPRDA, and together with that, many of the mining 
companies no longer exist. This complicates the ownership and rehabilitation plans 
as well as accountability and payment for rehabilitation (Roodt, 2010).  
The suburb of Davidsonville and Manuel Street Park (MSP) (the study site for this 
research project) are located in an un-rehabilitated mine landscape where obvious 
mining impacts are still present (Personal observations 2012, 2013; Masemola, 
2012).  There is a largely un-rehabilitated mine dump, the Princess Mine dump, to 
the south of the park, and mine runoff contaminates the park regularly (personal 
observations). The City of Johannesburg has plans to remove the Princess Mine 
dump for gold recovery and to rehabilitate the area. These plans have not yet 
materialised (Masemola, 2012). 
In this study, information on mine rehabilitation and linked issues was reviewed to 
obtain a better understanding of scientific trends in pollution remediation, particularly 
for mine runoff pollution in a mining landscape. Literature on the use of Effective 
Microorganisms (EM) as a form of microbial remediation, as well as literature on the 
benefits of urban parks, was sourced and reviewed for this study. 
1.2 Problem statement 
The un-rehabilitated Princess Mine dump that overshadows the impoverished suburb 
of Davidsonville (Region C, City of Johannesburg, also known as Roodepoort) has 
contributed to the pollution of a small public park, Manuel Street Park, with 
contaminated slimes dam material and acidic water flows (Ngigi, 2009). Despite its 
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poor quality, the park is well utilised by the surrounding community. Until this park is 
rehabilitated, the regular recreational use of the park by the local community, 
together with on-going mine contamination, poses a health, social, ecological and 
environmental risk.  
The park has become an unsightly and low quality recreation environment and it is 
for this reason that a remediation and rehabilitation plan for this park was necessary. 
This researcher in this study is also an employee of Johannesburg City Parks and 
Zoos (JCPZ) and is responsible for on-going maintenance of this and other parks in 
Region C. Many of these parks (e.g. Florida Lake) have been established on 
remediated or partially remediated mine lands and still suffer from acid mine water 
and dust impacts (personal observations). 
In this study, hypotheses linked to the use of a soil remediation preparation called 
Effective Microorganisms (EM1) to remediate mine contaminated soils were tested 
as hypothesis 1, 2 and 0: 
Hypothesis1 (H1): Addition of EM1 to acid mine drainage (AMD)-polluted soil 
improves the soil quality sufficient for its use as part of a bioremediation treatment 
programme. 
Hypothesis 2 (H2): Addition of EM1 to AMD-polluted soil reduces the quality of the 
soil so that EM1 may not be used as part of a bioremediation treatment programme. 
Hypothesis 0 (H0): Addition of EM to AMD-polluted soil has no effect on the soil 
quality.   
1.3 Aims and Objectives 
At a 2012 City of Johannesburg (CoJ) task team meeting, the Johannesburg City 
Parks and Zoos (JCPZ) department undertook to champion the rehabilitation of 
Manuel Street Park (MSP) using a commercially available microbial treatment called 
Effective Microorganisms (or EM1). At that stage, JCPZ had not conducted any 
research using remedial microorganisms to rehabilitate or improve the soil quality at 
MSP or any other parks, and it was hoped that this study would contribute to 
scientific knowledge on how remedial microorganisms can be used in mine-
contaminated urban parks. The project specifically tested EM1 product (Hinga and 
Parr, 1994) to determine whether the EM1 product could improve the quality of the 
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polluted soil in the park. The ultimate objective of the study was to identify a 
remediation protocol using EM1, together with a landscaping approach, to improve 
the quality and condition of the soil in MSP. Experiments were done in a 
temperature-controlled greenhouse as the park was considered too unstable for field 
testing of the EM1 product, particularly during the rainy season (October to May). 
The testing protocol used the germination and growth of P. clandestinum grass in 
variously treated AMD–affected park soil as indicators. Testing the protocol in the 
field will not form part of this study.   
The JCPZ has other parks that are near un-rehabilitated mine tailings that have the 
same risk of on-going pollution and the outcomes of this study could be helpful in 
developing remediation and rehabilitation strategies for these other parks. 
1.4 Value/Motivation 
This study investigated the usefulness of a treatment using a commercially available 
microbial preparation (EM1) along with fertilizer and compost to remediate  the soil in 
Manuel Street Park, an urban park affected on an on-going basis by toxic mine 
runoff (water with a low pH and slimes dam material). The use of microbial 
preparations was intended to explore a type of low-cost environmental biotechnology 
which can contribute new solutions to remediation and rehabilitation challenges for 
contaminated environments of interest to Johannesburg City Parks and Zoo (JCPZ). 
Through the findings of this study, JCPZ has found that EM1 preparations could be 
useful in remediating polluted mine soil. 
1.5 Research design and methodology 
The study was composed of different activities.  Firstly, a social survey was 
undertaken in the neighbourhood around the MSP to determine how local community 
members value and use the park, their understanding of park rehabilitation and how 
they perceive their park should ideally be improved.  
 
As the community survey indicated that Manuel Street Park was established about 
40 years previously on mine waste land, a soil pit was dug to determine the soil 
profile and to determine some of the geological history of the park and note any 
previous remediation attempts. The findings from the soil profile assisted in 
developing the final rehabilitation plan for the park.  
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Greenhouse trials were conducted with samples of contaminated soil removed from 
the park. This soil was tested by growing indicator plants Pennisetum clandestinum 
(P.clandestinum) in the soil treated with different EM1 treatment protocols.  
 
A final rehabilitation plan based on all the findings was then developed. It was 
anticipated that this rehabilitation plan will be implemented by JCPZ. 
 
1.6 Outline of dissertation chapters 
Chapters are aligned and outlined as follows: 
Chapter 1   Introduction and background: This chapter introduced the 
background of the study, and gave a brief overview of the history of mining on the 
Highveld and how Johannesburg developed, and explained how the problem of mine 
pollution and contamination of Johannesburg’s landscape has occurred. The 
pollution of Manuel Street Park in Roodepoort (Region C, City of Johannesburg) was 
also outlined, as well as the importance of this study in offering solutions for the 
remediation of the park, and how the research study was conducted.  
Chapter 2 Literature review: This chapter reviewed international research trends 
regarding remediation and rehabilitation of mine-polluted soils, particularly methods 
using microorganisms. This chapter also reviewed how acid mine drainage (AMD) is 
formed and how South Africa is dealing with this problem of pollution and 
contamination of soil and underground water.  
Chapter 3 Methodology: This chapter covered the research methodology for the 
social study, as well as for the greenhouse trials. Methods used for the formal 
analysis of data obtained in this study were outlined.  
Chapter 4 Results and discussion: This chapter presented an analysis of the 
data collected as well as other findings and observations from the study.  
Chapter 5  Conclusions and recommendations: This chapter presented the 
conclusions and recommendations from the study.  
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1.9 Conclusion 
Looking at the history of mining and how the South African Government dealt with 
the rehabilitation of mine dumps, it is evident that mine pollution and contamination is 
a serious concern that needs attention, particularly in the urban environment that has 
grown up around the old mining dumps of Johannesburg. The next chapter (Chapter 
2) looks at scientific studies of how mining and bioremediation can be combined to 
address the problem of pollution and contamination. 
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Chapter 2 Introduction  
This chapter explains the history of contamination of the Manuel Street Park in 
Davidsonville, Roodepoort, which is part of the greater City of Johannesburg (CoJ), 
and provides some background into rehabilitation of mine-contaminated soils, with 
specific reference to urban parks and public open spaces. 
 
Figure 3:  Position of Manuel Street Park next to Davidsonville urban development 
relative to the Princess Mine Dump.  Source: City of Johannesburg GIS, 
2013. 
 
2.2. History of Davidsonville and mine dump pollution 
Davidsonville was named in memory of Alexander Davidson who was a councillor 
and a mayor of Roodepoort, who, during his lifetime, worked for the upliftment of the 
coloured community particularly.  Davidsonville was set aside for coloured people 
because of the urban segregation of races in Johannesburg (Geldenhuys, 2013). As 
indicated in Figure 1, within Davidsonville there is an old and un-remediated mine 
dump (Princess Mine dump) that is situated adjacent to houses, a school and a 
public park. Manuel Street Park is regularly flooded with mine-runoff and this 
worsens during summer heavy rains. When this water evaporates, it results in white 
crystalline tailing material being deposited within the park (author, personal 
observations, 2010 – 2013).  The mine water flows through the park into a polluted 
wetland and stream which flows north-west out of the area into the greater Crocodile 
Manuel Street Park 
Princess Mine 
Dump 
Houses and schools 
near mine dump 
Polluted wet land 
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(West) Marico catchment. The water in the wetland was found to be pH 2.0 when 
tested by the City of Johannesburg (CoJ) which is below standard for environmental 
water quality. The standard water pH for a wetland in good condition should be 
between pH 5.5 and pH 7.4 (Seelig and DeKeyser, 2006).  
There are many other un-rehabilitated mine dumps in Johannesburg that are 
contributing to environment pollution due to both air and water pollution (Sutton, 
2007). These mine dumps are often close to urban parks and pose a risk of 
contamination by runoff after heavy rain.  
The CoJ Parks Division and the Johannesburg City Parks and Zoo (JCPZ), is 
responsible for the maintenance of existing parks. Manuel Street Park (MSP) is one 
of the many parks under the mandate of JCPZ.  The park is located in Davidsonville, 
west of Johannesburg, and situated next to an abandoned mine dump (Princess 
Dump) which is on the eastern side of the park (Figure 2). These mine dumps form 
part of former mining activities within the Western Basin. The GPS coordinates for 
the park are: -26.157354, 27.852380 and the street address is the corner of Manuel 
Street and Fearick Street, Roodepoort. 
 
 
Figure 4:  Photograph showing un-rehabilitated Princess Mine Dump in 
Davidsonville which causes mine run-off during rainy season. 
Photograph supplied by author 
 
The exact age of the Princess Mine dump (MRD 307) could not be verified, but it 
was owned by Durban Roodepoort Deep (DRD) gold mine which closed down 
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around 1993 (Turton, 2011). It has now become the responsibility of CoJ to manage 
the dump particularly since large-scale seepage of acid mine water from the western 
basin decant has affected the wetlands near the mine dumps in Davidsonville 
(Kardas-Nelson, 2010).   
In October 2006, a court order (instigated by the community) was issued by the 
Pretoria High Court instructing Durban Rand Gold Mine (DRD) who was mining at 
that time, to rehabilitate the mine dumps in Davidsonville.  This order was issued in 
terms of the Minerals and Petroleum Resources Development Act (Venter, 2006. 
The order stated that: 
1. Within two weeks of issue of the order by the Department of Mineral and 
Resources DRD should put in place measures to reduce dust and control 
water pollution from the Princess Mine dump.  
2. Within two years the mine dump must be completely rehabilitated by DRD 
 
In May 2014, during the period of this study, rehabilitation of the Princess Mine dump 
started (author, personal observation 2014), seemingly towards reducing dust and 
water pollution.  The work currently implemented is linked to the issued court order.  
In terms of the environmental and health impact of Princess Mine dump, there are 
homes, schools and Manuel Street Park (see Figure 1) located near the mine dump 
and dust and water runoff from the dumps pose a health and safety risk to the 
residents of the area. On windy days the dust blows over the Davidsonville 
neighbourhood to such an extent that visibility is reduced (personal observations, 
2014). According to the newspaper article by Kardas-Nelson (2010), Davidsonville 
suburb should have not been developed so close to the un-remediated tailing dams 
(mine dumps) because of the pollution risks, and indeed, this is what a casual visitor 
to Davidsonville would also think. Furthermore, many residents in Davidsonville 
suffer from severe asthma which may result from air-borne dust from the local mine 
dump.  However, this has not been verified by a scientific study (Kardas-Nelson 
2010). 
On the site of Manuel Street Park health risks may include the impact of 
contaminated mine run-off water flowing through the park and into the wetland 
adjacent to the park (Figure 1). As the area is not fenced, children play in the park 
and also walk through the polluted wetlands to school (Kardas-Nelson, 2010; 
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author’s personal observations 2010-2014). According to Ms Leticia Stuurman, a 
community activist in Davidsonville, there have been other mine-dump-linked 
fatalities in the area over the years. Two children were buried by the mine tailings 
and suffocated in the 1980`s. In 2007 a one-year old child fell into the polluted water 
and nearly drowned, confirming that this hazardous area is not fenced. According to 
Ms Stuurman, people in Davidsonville feel that the area (Princess Mine Dump) 
should be closed off by the municipality and education provided to the public to warn 
them about the dangers of AMD and general mine pollution (Leticia Stuurman, pers 
comm., 2013). Despite the pollution and risks, it appears that residents still value the 
park as a recreational facility. 
 
Previous attempts to mitigate the pollution from Princess Mine dump, particularly in 
2008 when heavy rains washed mine tailings through Davidsonville houses, involved 
building a boundary wall between the Princess Mine dump and the blocks of low cost 
housing.  This was designed to protect the houses from dust and run-off but, as this 
pre-cast concrete wall is just 1.5 m in height, it does not serve this purpose very well 
(Kardas-Nelson, 2010). Observations made by the author of this current study 
showed that over the years, tailings have built up behind the wall and finally 
overflowed the wall in part, and that the wall has collapsed in certain places because 
of the large weight of tailings material flowing down from the Princess Mine dump.  
 2.3 Recent mine contamination of the Manuel Street Park, Davidsonville. 
Following a newspaper article published in the Saturday Star (Bega, 2012) which 
reported that a pollution incident had occurred at MSP, the Risk Management Unit of 
JCPZ undertook a site inspection. The Saturday Star article had reported that acid 
mine drainage (AMD) water had flooded the park in Davidsonville and that children 
continued to play in the contaminated water without appreciating the public health 
risks, and that there was no warning signage (Bega, 2012). The article also 
mentioned that City Parks was ‘just cutting grass and not addressing the issue as 
there could be heavy metals and radioactive material in the water that seeps from 
the mine tailings across the park.  Following this article, the Risk Management Unit 
identified the environmental risk and found that water and other material was indeed 
flowing through the park (Figure 3), and, as indicated by a low pH, that this water 
was indeed AMD.  According to Kenalemang Moseki, the manager of the Risk 
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Management department at JCPZ, there is additional concern about the condition of 
the wetland that lies below the park and that is connected to the park through a 
storm-water drainage system (K Moseki, pers comm., 2012).  
 
Figure 5:  Photograph showing acid mine drainage contamination at Manuel Street 
Park. The Princess Mine Dump is situated to the left of the photograph. 
 
As AMD from the closed mines in the area eventually fills the Western Basin void 
and overflows into the above-ground landscape,  incidents involving the effect of 
AMD and mine dump pollution may increase in the future throughout the West Rand 
in general, and Davidsonville in particular.  As well as acid water pollution, there are 
many mine dumps in the area that are not visibly rehabilitated and from which large 
amounts of dust blows (personal observations, 2013). Discussions with Prof Janine 
Wichman, an environmental health specialist at the University of Pretoria’s Health 
Sciences campus, revealed that scientifically proving actual causality of dust and 
water pollution and human health impacts would be difficult as it would involve a 
large sample size and a long-term study (ref?). 
Nevertheless, there is a great need to research potential rehabilitation of these 
dumps, and specifically bioremediation approaches to allow the JCPZ to deal with 
future incidents involving acidic water runoff and pollution, while mine dust needs to 
be dealt with through revegetation.  
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2.4 City of Johannesburg task team for Manuel Street Park 
A City of Johannesburg task team was formed in 2012 to deal with the mine runoff 
affecting the Manuel Street Park (MSP). The following departments were identified 
as key role players in resolving the problem (Masemola, 2012):  
i) Johannesburg City Parks and Zoo (JCPZ) – the role of JCPZ was to co-ordinate 
meetings between departments and conduct an environmental awareness 
process within nearby schools about the dangers of possible spills on acidic 
waters. The JCPZ also undertook to champion the rehabilitation of the park 
using Effective Microorganisms (EM1) preparations. 
ii) The South African Department of Mineral Resources (DMR) – their role was to 
examine issues linked to the reclamation of the mine dump adjacent to the park 
and prospecting rights to re-mine the Princess Mine dump. 
iii) The South African Department of Water Affairs (DWA) – their role was to 
investigate the various sources of funding that can be utilized to alleviate the 
bigger acid mine water problem. 
iv) Johannesburg Roads Agency (JRA) – in 2012 they undertook to excavate a 
trench to divert the water away from the park into a storm water channel. This 
was done without the support of the DWA. Cleaning of all storm water drains 
was also prioritised. 
v) Johannesburg Water (JW) undertook to conduct laboratory tests on soil samples 
and water samples. 
vi) City of Johannesburg Environmental Department undertook to monitor the water 
quality and inspect the sewer reticulation network to isolate additional effluent 
that may arise as there were high levels of ammonia in the collected samples. 
The department also had an objective to determine illegal industrial discharges 
around the area as there are factories not far from the dump site which could 
also contribute to the problem. 
vii) The Ward Councillor undertook to organise public participation meetings and all 
media statements would keep the local community informed of developments. 
 
The task team had regular meetings between March 2012 and October 2013 to 
address the mine runoff issue. To date, the main achievement was to allocate a sum 
of R25 million Rand to deal with the overflow from the Princess Mine dump.  
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However, the current rehabilitation is a short term solution in addressing the 
contamination problems at Manuel Street Park. It is, therefore, now necessary to 
draft a detailed rehabilitation and remediation strategy for Manuel Street Park. 
Currently, the JCPZ does not have a specific strategy to deal with mine runoff in its 
parks, particularly those parks near mine tailings dams, and it is hoped that this 
study will contribute to the development of such a strategy. 
One of the findings of the Task Team was that the remediation and rehabilitation of 
MSP would need a formal remediation plan to deal with the contaminated soil, and 
an additional rehabilitation plan to improve the park once the soil was no longer 
regarded as toxic (Pers comm to Masemola, 2012).  
The author of this study also noted that the problem was not only the contaminated 
soil in the park, but the low pH and potentially toxic mine water that flows through the 
park that needed to be addressed. Masemola (2012) also noted that there were also 
complicating issues such as Environmental Impact Assessment (EIA)  and the 
Department of Mineral Resources (DMR) authorising prospecting rights to remove 
the Princess Mine dump (Pers comm with Masemola, 2012). The actual removal of 
the dump for gold reclamation could be a long term effort as there are associated 
regulatory processes such as the EIA process and removal of the dump is expected 
to have a considerable impact on the Manuel Street Park (Pers comm to Masemola, 
2012) unless done sensitively in liaison with the community and the CoJ. The actual 
removal of the Princess Mine Dump would also potentially complicate, or even 
negate, any CoJ expenditure on remediation and rehabilitation work in Manuel Street 
Park. 
Other issues that arose since the task team was formed was that, should the 
rehabilitation of the park proceed before the Princess Mine dump is removed, the 
rehabilitation plan for the park should include a drainage system that would channel 
the water flowing from the mine dump away from the park into the wetland channel 
to avoid flooding of the park. A screen of large trees should also be considered as a 
long term measure to create a boundary to protect the park from dust pollution from 
the dump on windy days. Finally, depending on the analysis of the soil profile in 
Chapter 4 of this study, the JCPZ undertook that it may also be necessary to import 
topsoil to complete the rehabilitation of the park (Buff, 2013). 
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The Gauteng Department of Agriculture and Rural Development (GDARD) has 
drafted a ‘Buffer Zone Policy’ in which the dust plumes blowing from mine dumps 
were mapped to guide housing and other development in Gauteng. The policy 
stipulates that no further development will be allowed downwind of mine dumps or 
within the dust plumes. Should a developer wish government to deviate from this 
policy, a full environmental impact assessment (EIA), including public participation, 
would need to be done (Pfab, 2000). 
2.5.1 Acid Mine Drainage (AMD) 
There is worldwide concern about mining pollution that contaminates the 
environment, often for many decades after mining has finished (Donevska, 2008; 
GDARD, 2012; Goode, 2013). Toxic by-products of mining activities affect the flora, 
fauna and people living near to these areas because of residual high levels of heavy 
metals, as well as dust pollution (Peters, 1984; Naiker et al, 2003). Together with 
AMD, which results from the leaching from slimes dams or rock piles (Miller, 1998; 
Truong, 1999) as well as underground upwelling of contaminated mine water, wind 
and water are the main causes of mine dump erosion and contamination of the 
surrounding landscape (Cleghorn, 1997; Botkin and Keller, 2005). 
Acid Mine Drainage (AMD) or Acid Rock Drainage (ARD) is a specific problem with 
abandoned and un-rehabilitated mine sites (Gregorauskas, 1998). 
For AMD to form, sulphides in the rock or tailings become oxidised by being exposed 
to air and water and this generates acidity (McCarthy, 2010; Johnson, 2005). 
Although there are numerous other chemical processes that also contribute to this 
process, iron pyrite (FeS2) oxidation is the most common contributor to AMD 
(Cleghorn, 1997). The oxidation of sulphide to sulphate solubilizes the ferric iron and 
this process occurs spontaneously and during this process, materials are released 
which can be catalysed by microorganisms that derive energy from such oxidation 
reactions (Johnson, 2005; Botkin and Keller, 2005). 
A typical chemical reaction/formula resulting in AMD is as follows (Botkin and Keller, 
2005; Johnson, 2005): 
FeS₂ (iron sulphide) + H₂O + 3.5 O₂ = H₂SO₄ + FeSO₄ (iron sulphate) 
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The most common method used to treat AMD is to add lime (calcium carbonate, 
CaCO₃) to neutralise the AMD.  Depending on the amount of water to be treated, 
lime can be added to tanks containing acid mine water to increase the pH to pH 9.0 
(Zinck, 2000). Calcium silicate feedstock, a waste material from the steel industry, 
can also be used to neutralise the acidity of AMD (Ziemkiewicz, 2011).  In the 1980s, 
trials were conducted in Australia and New Zealand to chemically treat contaminants 
(heavy metals and low pH) in mine water, but were found to be expensive (Peters, 
1984). Other, low cost methods included using artificial wetland systems which are 
able to deal with AMD from mines (Sobolewski, 2010). 
2.5.2 Pollution and contamination by mine runoff 
Pollution can be defined as the incidence of an undesirable change in the 
environment caused by introduction of harmful substances (Botkin and Keller, 2005). 
Contamination has a similar meaning to that of pollution but it implies making 
something unfit for a particular use through the introduction of unwanted materials 
(Botkin and Keller, 2005). After World War II, most European countries had soil 
contaminated by military operations and they used a ‘wait and see approach’ 
towards remediation (Fonnum, 1997). This approach left the environment to 
rehabilitate itself, however this type of unassisted rehabilitation takes a long time to 
complete.  In the industrialised world, pollution of soil, water and air is one of the 
main challenges that environmentalist face, due to toxic chemicals that are not 
managed correctly (Thakur et al, 2012). Un-rehabilitated mine dumps like Princess 
Mine dump frequently are exposed to higher wind speed than the ones with 
vegetation, and that cause wind erosion (Belnap and Gillette, 1998). 
The soil in the MSP may be contaminated with  heavy metals such as Fe, Zn, Cu, 
Mo and Mn.  While small quantities of these  elements are essential for plant 
development, large quantities of these heavy metals in the  soil become toxic and  
limit growth and development of plants (Lopez-Gomez et al, 2013). 
The main heavy metals that cause health hazards to plants, animals and people are 
mercury, lead, cadmium, nickel, gold, platinum, silver, bismuth, arsenic, vanadium, 
chromium and thallium (Fonnum, 1997; Botkin and Keller, 2005; Odiyo, 2005). 
Heavy metals are found in both water and soil naturally without pollution or 
contamination but mining activities increase the concentration of environmental 
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heavy metals (Botkin and Keller, 2005). Most of these heavy metals are present in 
large quantities in MSP soil. 
Heavy metals have long-term physiological effects as they are stored in plants and 
human tissues (Botkin and Keller, 2005). Large quantities of heavy metals can be 
fatal but small quantities of heavy metals are harmless as they appear naturally in 
the environment.  One of the other serious problems of heavy metal contamination is 
that these heavy metals are soluble at low pH (Archana et al, 2012).  In the case of 
MSP where a low pH was recorded, such a low pH should result in the solubilisation 
of heavy metals in the pools of water in the park and in the wetland below the park. 
Heavy metals could thus affect the ecosystem by the process of bioaccumulation of 
heavy metals in the soil and plants (Botkin and Keller, 2005). Also, when animals 
feed on these plants the heavy metals could be absorbed into the blood stream and 
accumulate in their tissues and organs.  
Alternatively, because plants can accumulate heavy metals, they are useful in 
remediation. Using plants that can tolerate heavy metals is crucial, as plants assist in 
the uptake of pollutants and heavy metals such as Al, Cd, Cu, and Zn (Archana et al, 
2012). In return, some plants release enzymes into the rhizosphere to neutralize 
contaminants (Mudhoo and Mohee, 2008). For example, the use of legumes in MSP 
bioremediation efforts may be effective as these plants thrive in salt rich soils and 
tolerate high levels of nitrogen in the soil. These plants, together with preparations 
like EM1, fix nitrogen naturally which is available in the atmosphere (Lopez-Gomez 
et al, 2013). 
An important point to consider when undertaking landscaping and rehabilitation of a 
mine site is that the new vegetation should be compatible with the surrounding 
landscape, i.e. no exotic and invasive plants may be used (Goode, 2010).  Importing 
of soil to these mine dumps must also be avoided as it can increase the risk of 
introducing weeds and plant diseases (Buff, 2013). 
2.5.3 Mine contamination of the City of Johannesburg and surrounds 
After 120 years of mining, deep level gold mining in the Witwatersrand has now 
largely stopped due to the exhaustion of gold reserves (Horack, 2011).  Gold mining 
on the Highveld was done at deep levels as the gold-bearing reef lies in a steep 
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decline below the surface of the ground. To reach the deep reef, which lay below the 
water table, water was constantly pumped out to dewater the mines (Horack, 2011). 
More recently, as the mines are abandoned or closed, pumping has largely ceased 
and the water table has returned to its natural level and water has begun to flood the 
mines and also exit to surface level through various decant points. This situation has 
meant that the underground mine voids have begun to flood, particularly in the 
Western basin of the old Witwatersrand gold mines (Johnson, 2005; Horack, 2011). 
From September 2002, water contaminated with heavy metals started to decant from 
the Western Basin near Krugersdorp (Johnson, 2005; Horack, 2011). 
Should the problem not be resolved, it is anticipated that the Witwatersrand Central 
basin that lies beneath the Johannesburg Central Business District and the Eastern 
basin will decant in the near future causing severe environmental contamination 
(Johnson, 2005; Sutton and Weiersbye, 2007; Horack, 2011).  Rainfall entering the 
mines is also responsible for making the water table rise and as a result mine shafts 
are filled with additional water and will decant acidic water to the surface where this 
water will contaminate existing surface water resources (McCarthy, 2010). 
An early report by the Council for Scientific and Industrial Research (CSIR) 
acknowledged that there would be problems from what was termed ‘re-watering’ 
after the Witwatersrand gold mines had closed. It was also noted in the report that 
there was a potential for sink holes and that water and air quality could deteriorate, 
all of which have actually happened (Hobbs, 2009). 
In the 1990s, commercial gold mining operations began to close in the 
Witwatersrand and studies were done to determine the impact of cessation of water 
pumping (McCarthy, 2010; Johnson, 2005).  In 1996, a plan called the Strategic 
Water Management Plan (SWMP) predicted AMD decanting upstream of the 
Krugersdorp Nature Reserve.  However, at that stage, the Department of Water 
Affairs (DWA) was ‘not ready’ to deal with the acid overflow (Horack, 2011). Later, a 
DWA study confirmed that the rise in the water table would have a serious impact on 
the natural environment as well as on the built areas of Johannesburg.  Keet 
reported in 2011 that the central and eastern basins are not at critical levels yet as 
the water is still 700 m below what is known as the Environmental Critical Level 
(ECL) (Figure 5). The western basin has been critical since the water started 
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decanting in 2002 and as long as central and eastern basins do not reach that level, 
the AMD will not cause an environmental crisis (McCarthy, 2010). Fortunately, 
according to the study done by Lesley Stock of North West University, the 
Johannesburg Central Business District (CBD) is now not under threat, despite 
predictions, as water is more likely to decant at the Klip River catchment in the south 
of Johannesburg, the lowest point of the Central Basin (McCarthy, 2010). 
The entire acid mine water problem was further exacerbated by delays as, although 
the government of South Africa was aware of the existence of AMD, initially little 
funding was made available to remedy and minimise the impact of AMD on the 
environment (McCarthy, 2010). Of great concern is the threat of AMD to the Vaal 
dam and the domestic water supply of Gauteng (Marius Keet, Department of Water 
Affairs, pers comm., 2013). In addition, AMD is not only flowing above ground, but is 
also likely to be flowing horizontally underground. The western basin (Figure 4) 
underlies Krugersdorp, Randfontein and Roodepoort while the Central basin 
underlies Durban Deep to Witwatersrand and the Eastern basin covers Boksburg, 
Brakpan, Springs and Nigel (Horack, 2011).  
. 
 
Figure 6:  Environmental Critical Levels of different Witwatersrand basins. Source: 
Department of Water Affairs 
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Decanting from the central basin was expected to start in 2013 and the eastern basin 
around 2015, however the decanting has not yet started. The experts commissioned 
by DWA have advised the South African cabinet that in order to stop the decanting 
from  the western and central basins, water levels must be kept below the ECL as 
indicated in Figure 4) (McCarthy, 2010; Horack, 2011; Johnson, 2005). 
2.5.4 Solutions offered to treat gold mining pollution in the Witwatersrand 
To deal with the acid mine water contamination problem, the South African Cabinet 
appointed a task team to investigate the matter and to address the serious and 
expensive challenges it poses to the Witwatersrand area. The Minister of the 
National Department of Water Affairs, Edna Molewa, made a public statement on 22 
March 2012 in Randfontein regarding AMD to emphasise the problems and risks of 
AMD and that her department is committed to resolving the problem. She added that 
short term, mid-term and long term interventions were being put in place including 
installing pumps to extract AMD from the mines, construction of treatment plants in 
each basin and infrastructure to discharge treated water into streams. A treatment 
plant was upgraded at the Rand Uranium plant to treat 30 million litres of mine water 
a day by December 2011. The issue of funding for dealing with AMD and mine 
dumps rehabilitation is seen to be an enormous challenge, as was the early shifting 
of responsibility between stakeholders which hindered the process of dealing with 
AMD and mine rehabilitation.  The Minister said that the cost of the entire project will 
be between R900 million to R1 billion. As the budget was estimated to be around 
R433 million, Government will have to raise additional funds to address the issue of 
AMD (Molewa, 2012). 
Suggestions from the South African Treasury have been made on how to remedy the 
situation.  Maselaganye Matji, suggested that a long term solution is needed to 
address the issue of AMD without using the taxpayer`s money. A proposal was 
made to enforce an AMD levy or environmental levy on existing mines to fund the 
treatment of AMD. Another solution was to treat AMD and sell the processed water 
back to Rand Water and other water-dependent industries (Molewa, 2012).  Another 
research entity, the Gauteng City Region Observatory (GCRO), which is a 
consortium involving the University of Johannesburg (UJ), University of 
Witwatersrand (WITS) and Gauteng Provincial Government (GPG), also conducts 
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mining pollution research. In one of the GCRO meetings, dated 01 June 2012, AMD 
in Johannesburg was discussed formally with the councillors from CoJ (Storie, 
2012). The suggested way forward from the meeting was that AMD-contaminated 
water should be pumped from the three basins to maintain the ECL.  A second 
suggestion was that ingress of additional water into the underground works should 
be reduced as much as possible.  The GCRO and others also stated that by 
preventing ingress there will be a reduction in the volume of water that must be 
pumped and treated. A water treatment plant was also suggested where, after 
treatment and neutralisation, the processed water should be discharged into the 
local river systems. Obviously, improved monitoring of the quality of mine water and 
surface water in contaminated areas, and the impacts thereof, is critical. Research 
reports also mentioned that flooded mines are not the only source of AMD but that 
mine dumps can also cause AMD from runoff and they also need monitoring 
(Cleghorn, 1997; Storie, 2012). This is relevant to the Princess Mine dump and its 
impact on Davidsonville. 
Thus, against a background where water in South Africa is a scarce resource, AMD 
was acknowledged as one of the most serious environmental threats particularly 
when, according to DWA, South Africa is the 30th driest country in the world 
(Molewa, 2012).  Johannesburg in particular is a water-scarce city (Tshikotshi, 
2009). In addition, the quality of water and rivers in South African is fast degrading 
and South Africa is likely to face water shortages by 2015. This future water stress 
will be exacerbated by an increasing population in Gauteng province, growing 
industries and poor management of water resources (Molewa, 2012).  
2.6 Legislation in South Africa and management of mining impacts 
The main problem with the environmental legacy of gold mining is that mine closures 
before 1956 were not subject to legislation, and often mines were just abandoned. 
Mines and mine sites from that era have now become the responsibility of the state 
(Limpitlaw, 2005). 
In South Africa, legislation and regulations now exist to manage the environmental 
impacts of mining and mine exploration, and legislation includes the Mine Health And 
Safety Act 29 of 1996; the Mineral Act 50 of 1991 (now superseded by the Minerals 
and Petroleum Resources Development Act No. 28 of 2002 (MPRD); National 
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Environmental Management Act 59 of 2008 (NEMA); and Section 7(2) d of the 
Waste Act 59 of 2008).  
Mining sites should be rehabilitated so that they are safe, stable, with a non-erodible 
structure and with a restored, sustainable ecosystem or landscape using native 
vegetation cover. During the planning stages of a mining operation, the manner in 
which the mine will be closed and the site rehabilitation must be explained, and 
funds must be set aside for this process, which can be very costly.  Closure practices 
should include restoration of the land surface to a sufficient quality to support non-
mining land use, and restoration of the ecological function of previously mined land 
(Limpitlaw et al, 2005).   
An example of  successful mine closure in South Africa is the Elandsrand Gold Mine 
in Rustenburg which was turned into a brick manufacturing operation for low cost 
housing using tailings and waste rock. Also, De Beers Mine in Kimberley turned 
underground tunnels into a cool dark environment in which to grow mushrooms and 
Anglo Gold used old mine ponds to grow fish (Robertson and Shaw, 2003).   
 
2.7 General terminology for dealing with contamination in the environment 
In attempts to return a site to its original condition, or at least deal with contaminating 
substances in the landscape, different terminology and approaches are used.   
Remediation is considered to be the treatment, containment, removal or 
management of chemical substances in the environment so that they no longer 
represent an actual or potential risk to human health or the environment, taking into 
account the current and intended use of the site (EPA Guidelines, Australia, 2006). 
Remediation can be part of a long term rehabilitation or restoration process for a 
landscape or ecosystem. 
The terms ‘restoration’ and ‘rehabilitation’ refer to the process of returning vegetation 
or a landscape to a previous or normal condition and a healthy state.  However, most 
practitioners view ‘restoration’ as different from ‘rehabilitation’ in that with the latter, 
activities do not necessarily lead to the to the recreation of pre-existing indigenous 
ecosystems, but may merely stabilise or revegetate a damaged landscape feature. 
Processes for rehabilitation imply that vegetation or other biotic features will be 
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permanently altered, but seek to construct a self-sustaining native plant community 
that is as close to the original as possible so that it can provide some services to 
people, and habitats for species. Restoration is more of an ambitious process that 
does attempt to return damaged vegetation, the landscape or ecosystem to its 
original state. An example of a restoration process is that of South Adelaide, 
Australia, where offshore sea grass beds were restored by legislating for a reduction 
in the nitrogen content of urban and industrial effluents, as well as by replanting 
(Tanner et al, 2014). 
At sites where mining activities have resulted in major changes or permanent 
alteration to soils and hydrology, full restoration of such sites is usually not possible 
(EPA, 2006). In such localities, a full assessment of the site is needed as different 
levels of restoration or rehabilitation intervention may be required within such a site, 
and the level of final restoration and/or rehabilitation identified and planned. 
Sometimes many habitat elements are already present and with the removal of key 
threats the site will respond through natural regeneration processes, in which case 
further actions are to simply monitor and evaluate such changes over time. Other 
localities on such sites may not have the ability to regenerate due to a lack of current 
vegetation and seed sources, so they will need additional intervention to meet the 
restoration or rehabilitation goals (e.g. active replacement of lost species through re-
vegetation) (Clarke et al, 2010). Where pollutants are present, remediation would be 
needed early on in the restoration/rehabilitation process. 
One of the most environmentally damaging forms of human commercial activity is 
mining where the impact of excavating the mine, the dumping of processed or waste 
material creates and chemicals used in the processing or found naturally in the ore, 
can cause a hazard to both human health and safety and the environment. As such, 
effective mine rehabilitation is not usually intended to return a mine-damaged 
landscape to its former natural condition but is aimed at creating an acceptable 
landscape that is stable and not a hazard to human health and that may allow for 
natural ecosystem process to restore themselves over time.   
In South Africa, the legislated mine closure process now requires an approach to 
deal with rehabilitating the mine landscape to be secured at the outset of the mining 
activity. The implementation of such measures at the end of the working life of the 
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mine now depends on secure financial allocations for rehabilitation and closure that 
are made as a condition when a mining license is first issued (Nel, et al., 2012). 
There are many means of remediating polluted mine soils such as phytoremediation, 
microbial approaches and chemical applications.  
Rehabilitation is defined as the return of an ecosystem to its full state and 
functionality before the disturbance occurred (Brewer, 1994).  The process of natural 
succession can often restore the area, but the process can be accelerated by 
treatment, seeding and landscaping (Brewer, 1994). Rehabilitation can also make 
degraded land productive again by re-establishing a community of organisms in the 
soil of the particular area (Tyler, 1998).  Remediating polluted soils has a long term 
benefit as it reduces the risk of continuous contamination to the soil (Mudhoo and 
Mohee, 2008). Rehabilitation is an expensive practise, however in situ changes may  
reduce costs (Johnsen, 1998). Rehabilitation can be a long-term process, particularly 
in arid areas (Tyler, 1998).  A study by Misund (1998) indicated that over a period of 
time, polluted sites tend to slowly degrade due to natural processes. An example of 
such a site is the Skoddenbergvatn Military Base in Norway where diesel spills 
contaminated the soil in 1991.  By 1995 only 25% reduction in hydrocarbons content 
was noticed (Misund, 1998).  Effective mine rehabilitation depends on sufficient and 
secure financial allocations for rehabilitation and closure made when a mining 
license is first issued (Nel, et al., 2012). 
Soil may be rehabilitated or remediated by three methods, namely soil washing, low 
temperature thermal desorption and bioremediation (Whittaker et al, 1998). Soil 
washing implies mixing polluted soil such as found at MSP with an aqueous solution 
such as nitric acid. Low temperature thermal desorption is when polluted soil is 
mixed with hot gasses which then volatilize the compounds for destruction of heavy 
metals. Bioremediation is when contaminated soil is allowed to make contact with 
micro-organisms which use contaminants as a food source. This form of remediation 
(bioremediation) forms part of this study (refer to Chapter 3).   
Fonnum (1997) defined remediation as ‘a process of implementing technical 
measures to the contaminated site to ensure that the site does not have any hazard 
to the environment’. Also, remediation is a process that seeks to correct any pollution 
or contamination problem so that rehabilitation can take place.  In some cases, it is 
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not possible for an abandoned mine site to be fully rehabilitated and the best that 
can be hoped for is that any contamination is contained through remediation where, 
for example, sulphate reducing bacteria (SRB) have a significant effect on reducing 
the concentration and toxicity of metals and sulphate ions while raising the pH of 
water.  Such innovative remediation technology involving SRB promotes more 
effective and efficient clean-up to facilitate remediation of sites that could not be 
treated with other technologies.  Such methods have been used in Washington 
(Frank 2013Doshi, 2006).  
The use of compost or organic matter is another option for use in bioremediation as 
decomposition processes contribute to remediation (Mudhoo and Mohee, 2008). 
There are factors in the environment such as temperature, moisture content, electro 
conductivity and pH that catalyse the decomposition process of organic matter for 
easy absorption by plants (Singh et al, 2012). An example of one such method is 
phytoremediation, and this process is much cheaper to implement compared to other 
methods (Mendez and Maier, 2007).  Under this process two approaches can be 
used, namely; phytoextraction and phytostabilization.  Phytoextraction is when plants 
are used to absorb heavy metals and they are then harvested for processing, 
whereas phytostabilization is when plants are used to immobilize the heavy metals in 
the tailings dam (Prasetyo et al, 2010).  
These processes relate to the rehabilitation and remediation of Manuel Street Park 
as kikuyu grass (Pennisetum clandestinum) and EM1 will be used to remedy the 
pollution caused by mine run off. In dealing with rehabilitation of mine dumps (slime 
dams) which cause environmental pollution through dust and toxic runoff, the use of 
vegetation is considered to be more practical and cheaper compared to chemical 
treatments (Truong, 1999). However, it is difficult to establish vegetation on 
contaminated slimes dam material and plant growth is slow due to the presence of 
toxic levels of heavy metals and other contaminants such as uranium (Weiersbye, 
1998; Truong, 1999). Fresh tailings from gold mines have a pH of between 8 and 9 
(alkaline) and have low levels of plant nutrients and high sulphate concentration 
(Dold, 2014). In addition, the soil surface is highly erodible, making it difficult for 
plants to establish themselves. Re-vegetation of old tailings is, therefore, very 
difficult but successes have been achieved (Truong, 1999).  
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Selection of plant species that were present before mining should be considered for 
use in re-vegetation where suitable (Miller, 1998), as it is very important to do a local 
vegetation survey to determine the appropriate species mix (Buff, 2013).  
Rehabilitation plans usually require that the proposed re-vegetation methods and the 
mix of species must be stated (State Government Victoria, 2005) and the source of 
such a mix must be specified (Johan Delport, pers comm 2013). The proposed 
rehabilitation method for a site should include or be supported by examples of their 
success where they have been previously used. A programme to trial the method 
should be indicated in the rehabilitation plan (Buff, 2013).  
In the Johannesburg context, between 1965 and 1980, mine dumps around 
Johannesburg were rehabilitated and this significantly reduced dust and soil erosion 
(Mubiwa, 2013). After the process of rehabilitating the mine dumps, the expansion of 
black and coloured suburbs (such as Soweto and Davidsonville) were extended to 
the foot of these mine dumps. There seems to be no sustainability to maintain the 
status of the rehabilitated mine dumps, as the vegetation over the years has died. 
This has reversed the situation to that prior 1965 when the mine dumps were not 
rehabilitated.  As mentioned in chapter 1, over time, space for housing dwelling has 
run out due to urbanisation and that has resulted in the development of informal 
settlements, many of which are close to un-rehabilitated mine dumps. 
Pennisetum clandestinum (P.clandestinum) is a tropical grass of the family Poacea, 
native to East Africa. It is a popular garden lawn species in South Africa because it is 
cheap to lay and is drought tolerant (Wolff, 1999). Because of these characteristics, 
and because it is a vigorous grower, it is also very useful in mine rehabilitation. In 
Meandu Mine Tarong, Queensland, for example, P.clandestinum was used to reduce 
erosion from a rehabilitated area (Loch, 2000). In China, P.clandestinum, together 
with other grass species, was used to rehabilitate the degraded ecosystem of an oil 
shale mine property of Maoming Petro-Chemical Company (Xia, 2004). Conversely, 
P.clandestinum grass is a creeping grass and if used alone, will not survive on the 
surface of mine dumps as the roots do not develop deep into the soil and external 
influences such as fire and grass cutting had a negative effect on the grass (Buff 
2013).  Because of this, P.clandestinum is used to initially stabilize the mine dump 
surface so that other deep rooted species can get established.  As such, 
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P.clandestinum was used in the greenhouse trials in this study to test the effects of 
EM1 preparations. 
 
 2.8 Microbial remediation measures for soil 
Microbial remediation also has enormous potential to remediate polluted soil. Only 
about 1% of all microorganisms are known and many species that have been studied 
have novel metabolic properties that enable them to be useful for various 
remediation situations. Microorganisms, including algae, can degrade many 
recalcitrant molecules in the environment and thus are useful for commercially 
important remediation processes (Durant and Bennett, 1999; Satyanarayana et al, 
2012).   
Environmental biotechnology can also be used to produce genetically modified 
microbes that are customised for specific purposes including the protection or 
restoration of natural environments damaged by human activities and to remove or 
degrade pollutants (Durant and Bennett, 1999).  
Other interesting developments in soil remediation include the testing of a heavy 
metal-tolerant fungus, Trichoderma virens PDR-28, for use in remediating mine 
tailing soil and for plant biomass production. PDR-28 exhibited plant growth-
promoting traits, including 1-aminocyclopropane-1-carboxylic acid (ACC) deaminase, 
acid phosphatase and phytase activity, siderophore production, and P solubilization. 
Plants grown on such contaminated sites remediated by PDR-28 cannot be used for 
food, but can contribute towards biofuel or biogas production. Results suggest that 
PDR-28 would be beneficial for phytostabilization of heavy metals in soils and for 
plant biomass production as a potential source of biofuel in the quest for renewable 
energy (Babu et al, 2014). 
One of the disadvantages of using microorganisms to remediate toxins in soil and 
water was shown by Zhou et al (2008) who found that various toxins damage the 
microbial DNA and that this negatively impacted on their ability to deliver benefits in 
a soil treatment situation.  
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2.8.1 Effective Microorganisms technology  
Effective Microorganisms® (EM®) is a commercially available microbial preparation 
containing an unspecified variety of lactic acid bacteria, yeasts and phototrophic 
bacteria species. The preparations are often described as being a blend of 
‘beneficial’ microorganisms that can potentially increase the quality and productivity 
of soil and the growth and quality of plants (Hinga and Parr, 1994).  
There are at least five groups of microorganisms found in EM1 including lactic acid 
bacteria, yeasts, actinomycetes, photosynthetic bacteria and fungi. The species 
include:  Lactic acid bacteria (Lactobacillus plantarum, L. casei, L. fermentum, L. 
salivarius and L. delbrueckii); phototropic purple non-sulphur bacteria 
(Rhodopseudomonas palustris, Rhodobacter sphaeroides, Rhodobacter capsulatus); 
Yeast (Saccharomyces cerevisiae); Actinomycetes (Streptomyces species); and 
Rhizobium species (Hinga and Parr, 1994; Madigan et al, 1997; Gavrilescu, 2008). 
Formulations of EM® are said to improve the soil structure, suppress weed 
germination, stimulate plant growth and soil fertility in agriculture and solve 
environmental problems such as soil pollution (Tokeshi et al, 1991). In addition, 
Rhizobium bacteria contained in EM1 preparations can assist with the absorption of 
heavy metals in the plants by encouraging plant growth and bioaccumulation through 
microbial nitrogen fixation in the soil (Bedmar et al, 2013).  
Effective Microorganisms are said to ‘create conditions which favour mutual support’ 
and enable the added microorganisms to outcompete harmful pathogens, while 
producing useful substances such as vitamins, enzymes, hormones, amino acids 
and anti-oxidants that create a reducing environment. Furthermore, EM appear to 
give the best results in situations where the natural balance of microorganisms has 
been severely disrupted or where agricultural nutrient inputs are absent. In situations 
where natural microorganism populations are reasonably intact, or where a balanced 
supply of inputs is available, the addition of EM does not seem to make a significant 
difference (Zimmerman and Kamukuenjandje 2008).   
The suppliers of EM preparations make much of that fact that chemical fertilizers 
increase the yields of crops but do create some adverse impacts when these 
chemical are overused and that decreasing soil fertility at the same time as chemical 
fertilizer use great concern to growers (Desai et al., 2012). Although organic 
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fertilizers (compost, manure) can be used instead, they are costly. The application of 
microorganisms is seen as a potentially desirable input as microorganisms is 
‘natural’ and low cost (Satyanarayana et al, 2012).  When chemical fertilizers are 
used, only three major nutrients (N, P, and K) are available whereas if organic matter 
is treated with EM more nutrients are available (Sreenivasa, 2012).   
However, the scientific literature indicate contradictory findings with the efficacy of 
EM technology, and also, where EM treatments appears to be beneficial, there is a 
paucity of information on what the mechanism for this benefit might be. For example, 
the following authors reported research findings where EM did not give any 
advantage. Van Vliet et al (2010) found that the addition of a preparation called EM-
A had no measurable effects on the bacterial diversity and the chemical composition 
of slurry manure used in agriculture. In experiments, no effects of EM1 on nitrogen 
uptake and grass biomass production were recorded. Also, different EM-stocks and 
EM-Active suspensions prepared by different users showed large variation in 
bacterial community structure and, thus, low experimental reproducibility. 
A study in Switzerland with EM showed no effects on soil microorganisms, soil 
structure and activity, crop yield or soil biomass in a 4-year field experiment (Mayer 
et al, 2010). Treatments with living EM compared with its sterilised control treatments 
showed no differences on any of the parameters. This study found that the small 
effects observed were not caused by the EM microorganisms but rather by the 
nutrient inputs from EM1 carrier substrates (e.g. the bokashi balls which are 
microbe-infused compost balls).  
 
Treatment with EM1 has been reported to be beneficial. For example, an 11 year 
field experiment in China found that application of EM1 increased the efficacy of 
organic nutrient sources in the soil (Hu and Qi, 2012). The field experiment included 
three treatments: an effective microorganisms (EM) compost treatment; traditional 
compost treatment and an unfertilized control. The results revealed that long-term 
application of EM compost gave the highest values for the measured parameters 
and the lowest values in the control plot. The application of EM in combination with 
compost significantly increased wheat straw biomass, grain yields, straw and grain 
nutrition compared with traditional compost and control treatment. This study 
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indicated that application of EM significantly increased the efficiency of organic 
nutrient sources (Hu and Qi, 2012).  
 
Pigweed (Amaranthus dubians) plants grow widely in many parts of the world. It is a 
very popular indigenous wild vegetable and is usually utilized by many communities 
as a nutritional additive. The results from a study with EM demonstrated that growth 
and yield of pigweeds may be improved by inoculating the plants with effective 
microorganisms, and as a result reduce the use of fertilizers in production of this 
vegetable hence promoting sustainable agriculture. More studies would be needed 
to determine the effects of inoculation of EM on other Amaranthus species 
(Muthaura, 2010).  
 
Zimmerman and Kamukuenjandje (2008) reviewed various situations where EM was 
used in agricultural and animal health settings, and found that the success of EM1 
applications also depends on EM being stored and transported under ideal 
conditions. This finding highlights that care should be taken with this biological 
product to ensure its viability. The results of EM applications were found to be highly 
variable, significantly effective in 19 of the 62 trials, and perceived to be effective in a 
further 26 trials, while perceived as making no difference in 16 trials and worsening 
conditions in one trial. These differences in the effectiveness of EM may have 
resulted from differences in circumstances under which the EM was applied or 
indifferences in the storage and handling of the EM. 
 
In India, the potential plant growth-promoting effect of compost derived from 
decomposed fruit wastes by commercial formulation of EM on plant growth 
parameters of Vigna mungo were discussed. Increased plant growth was found, and 
the author related this to the supply of various nutrient factors in the compost, 
possibly enhanced by EM1 actions (Namasivayam and Bharani, 2012).  These 
authors also state that EM1 could be a useful soil additive for improving organic 
farming. A study by Satyanarayana et al (2012) found that phosphorus is better 
taken up by plants when EM1 is used as a soil additive for horticulture, as the added 
EM1 microorganisms within  the rhizosphere modify inorganic soil  phosphorus 
(Sreenivasa, 2012; Rinu et al, 2012). In the Philippines, EM1 was used as a soil 
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additive to eliminate odours of animal waste in pig and poultry farms (Alama, 1991) 
and was also used successfully for waste water treatment in Indonesia (Wididana, 
1990).  In an experiment in Brazil, seeds were inoculated with EM1 to investigate the 
effects that this treatment may have on germination and vigour of the seedlings. The 
results showed that EM1 increased both germination and seedling vigour  (Siqueira 
et al, 2013). Seed treatment with EM1 was also reported as providing an inexpensive 
insurance against rotting of planted seed by fungi such as Pythium spp (Taylor and 
Harman, 1990). 
 
In conclusion, it is suggested that EM1 treatments should be tested much more 
rigorously, as existing research findings indicate that they work in some situations, 
but not in others, with no real explanation being given for this variability. The dose, 
the strength and age of the EM1 mixture, the inclusion of compost and the frequency 
of application all appear to have a bearing on efficacy, and trial and error seems to 
be needed to find a formulation that is successful in a particular situation, despite 
glowing claims of benefits. 
 
Bioremediation is defined by Pezzulo (1998) as ‘the breakdown of hazardous 
substances by micro-organisms or their by-products’ (Pezzulo, 1998). 
Bioremediation processes occur in both aerobic and anaerobic conditions. The 
remediation of contaminated landscapes is the topic of much research around the 
world, and many commercial organisations exist which perform this service (Durant 
and Bennett, 1999).  Furthermore, countries like  Spain, India, China, Pakistan and 
Brazil, Namibia, Kenya and others, to remediate pollution as a form of non-toxic 
alternative (Valls and Lorenzo, 2006) and bioremediation is a popular method which 
is used for treating contaminated soils (Mudhoo and Mohee, 2008).  The basic 
question in remediation to clean contaminants or pollutants is how clean is clean, 
meaning that at what point is remediation perceived to be completed (Neffe, 1998).  
 
Only about 1% of all microorganisms are known and have been studied, and many 
of those that are known have novel metabolic properties that enable them to be 
useful for various remediation situations. Microorganisms, including algae, can 
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process many recalcitrant molecules like hydrocarbons and are useful for 
commercially important remediation processes (Durant and Bennett, 1999; 
Satyanarayana et al, 2012).  The field of environmental biotechnology and 
genetically modified microbes that are specified for specific purposes explores the 
use of microorganisms to protect or restore natural environments damaged by 
human activities, remove or degrade pollutants (Durant and Bennett, 1999). 
Environmental engineers have attempted to solve the problem of AMD by using 
chemicals and physical methods like pollution clean-ups after pollution has occurred 
(Muller, 1998), however, they have often found that such problems cannot be solved 
without using microbial methods and technologies (Prasetyo, 2010).   
There are many important processes in the soil which are mediated by soil 
microorganisms, such as biological nitrogen fixation, organic residue decomposition 
and carbon cycling, nutrient recycling and denitrification (Goh, 2000). Soil 
management practices and environmental factors such as temperature, soil moisture 
and soil pH affects microbial interaction and activity in the soil (Kumar, 2000). The 
ultimate success or failure of the rehabilitated site requires long term maintenance of 
the rehabilitation process. During and after rehabilitation work, routine maintenance 
must be done. Replanting or re-seeding areas that have failed to become 
established, as well as weed control, watering, pest control and repairing tree guards 
are some of the issues to be addressed in the long term (Peters, 1984). The 
repeated application of EM1 may also be necessary. 
To stimulate the microbial processes within sterile mine tailings or slimes dam 
material, it is possible for horticulturists to manipulate soil microbial activity to allow 
for vegetation to become established (Kumar, 2000), primary objective of the current 
study.  
 
2.8.2 Soil and its properties  
The physical properties of soils are the result of the geology of an area, with parent 
rock influencing the soil quality and structure, which are then also affected by rainfall, 
temperature and topography over a period of time. These properties determine the 
suitability of the soil for its planned use and the management requirements to keep it 
most productive. They also influence the types of natural vegetation in an area. The 
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fertility of the soil determines its possible use in agriculture and horticulture, and its 
yield of crops or plant biomass.  The physical and chemical properties of soil will also 
determine how easily contamination can be remediated (Shukla and Varma, 2011).  
In this study, greenhouse experiments were done with soil from Manuel Street Park, 
and some tests were done to test the soil for heavy metal contamination. A soil pit 
was dug in the park to determine the underground nature of the soil, but no detailed 
work was done on soil chemistry or other attributes for this study. 
The texture of soil results from the ratio of clay minerals to sand particles as well as 
the amount of organic material in the soil. The clay minerals in the soil have great 
affinity for water, and swells easily and may double in thickness when wet (Velde, 
1995). The clay layer has anaerobic conditions (USSG, 1999) and may be 
compacted to such an extent that no germination may occur due to absence of 
oxygen in the soil (Velde, 1995).   An anaerobic soil condition occurs when oxygen 
consumption by organisms living in the soil exceeds the amount of oxygen diffusing 
into the soil.  This results in a predominately oxygen-free environment in soils that 
are poorly drained and retain water during rainy seasons (Inglett, 2006). Available 
oxygen can only be supplied to respiring organism through diffusion from the nearest 
aerobic zone.   
There are different components that determine the quality of soil and these can be 
determined by conducting soil tests. These components are pH value, nutrients 
(macro nutrients and micronutrients) and organic matter. Good soil has a pH of 
about pH 7 but in soils where oxygen is limited, bacteria utilize electron acceptors to 
maintain their metabolism. These compounds nutrient element and are in an 
oxidized form such as N (Nitrogen), Fe (iron), Mn (magnesium) and S (sulphur). 
These elements are used during respiration, and they become chemically induced. 
Reduction-oxidation potential is a common parameter used to measure the degree of 
soil wetness or the intensity of soil anaerobic conditions (Inglett, 2006). 
2.8.3 Effective Microorganisms technology  
The following examples briefly illustrate the range of settings in which EM1 
treatments can be beneficial. 
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A study by Satyanarayana et al (2012) found that phosphorus is better taken up by 
plants when EM1 is used as a soil additive for horticulture, as the added EM1 
microorganisms within  the rhizosphere modify inorganic soil  phosphorus 
(Sreenivasa, 2012; Rinu et al, 2012). These findings support the study hypotheses, 
i.e. does the addition of EM1 assist in allowing plants to grow in contaminated soil 
In the Philippines, EM1, a formulation of ‘effective microorganism’ used as a soil 
additive eliminated odours of animal waste in pig and poultry farms (Alama, 1991) 
and EM1 was used successfully for waste water treatment in Indonesia (Wididana, 
1990).   
Furthermore, EM1 used together with green manure (crops added to the soil to 
improve its fertility) was applied and electrical conductivity due to sodium 
contamination was decreased when soil irrigation was carried out with brackish canal 
water (Goh, 2000). The combination of EM1 and green manure had an effect on the 
growth and yield of maize in Bhutan where the concentration of sodium ions on 
leaves were experimentally increased (Satyanarayana, 2012). Evidence indicated 
that organic manures contribute to rehabilitation of salt affected soils as well as plant 
growth (Satyanarayana, 2012). The increase in nutrient availability was due to 
carbon dioxide production and subsequent reduction in pH (Satyanarayana, 2012). 
Salty soils treated with EM1 also showed better plant growth results in an experiment 
done at an organic vegetable farm in Christchurch, New Zealand (Satyanarayana, 
2012). Introduction of EM technology improved soil productivity and the quality of 
plants to reduce bad odours on pig and chicken farming. No chemicals were used on 
the farm, and EM1 was applied to all compost. Where moisture levels were 
satisfactory, decomposition improved and bad odours were reduced 
(Satyanarayana, 2012). 
In an experiment in Brazil, seeds were inoculated with EM1 to investigate the effects 
that this EM1 treatment may have on germination and vigour of the seedlings. The 
results showed that EM1 increased seed germination and vigour (Siqueira, et al., 
2013). In this case, it was found that EM1 multiplies in the soil protecting root 
systems against soil-borne pathogens (damping off) after germination (Kaufman, 
2013). Seed treatment with EM1 was reported as providing an inexpensive 
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insurance against rotting of planted seed by fungi such as Pythium spp (Taylor and 
Harman, 1990). 
In South Africa, EM1 preparations have been used by the City of Johannesburg and 
JCPZ in various remediation situations including remediation of Zoo Lake and Bruma 
Lake during severe eutrophication and pollution episodes (Alan Buff, pers comm, 
2013).  Neither data nor photographs are available to corroborate the impacts or 
benefits of this type of treatment by JCPZ. 
In summary, the benefits of EM1 have been found in soil conditioning and elimination 
of contaminants as well as in improving plant germination. This supports the study 
hypothesis that EM1 could be useful in remediating and improving plant germination 
and growth at Manuel Street Park.   
2.8.4 Effective Micro-organism (EM1) formulations 
Studies over many years have shown that chemical fertilizers increase the yields of 
crops but the adverse impacts of the overuse of these  chemicals on the soil is of 
great concern to growers (Desai et al., 2012). Although organic fertilizers can be 
used instead, the application of microorganisms is a potentially desirable input as 
microorganisms are ‘natural’ and may have a beneficial  impact on the soil 
(Satyanarayana et al, 2012) and present a low cost alternative to chemical or organic 
fertilizers (Sreenivasa, 2012).  When chemical fertilizers are used, only three major 
nutrients (N, P, and K) are available whereas if organic matter is treated with EM1 
more nutrients are available (Sreenivasa, 2012).  
  
2.9 Benefits of parks to the public  
A park can be defined as an area of land, usually in a largely natural state, for the 
enjoyment of the public, having facilities for rest and recreation, often owned, set 
apart, and managed by a city, state, or nation. Also, different organisations designate 
open spaces or parks differently, according to their classification of open spaces. 
Public open spaces do not have to be green spaces or parks and can also be hard 
landscaped areas used for gathering by people. An example of such ‘hard’ public 
open spaces is Tahrir Square in Cairo, Egypt; Arc de Triomphe, Paris, France and 
Ghandi Square in Johannesburg. According to Stanley (2012), a public open space 
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is defined as any ground space regardless of its use, with public access to it. In 
Cumbria (UK), open green spaces are defined as spaces that the public can have 
access to for recreational purposes.  
Public open spaces have benefits such as conservation of natural landscapes and 
ecosystems, providing recreational opportunities to communities and urbanites, 
enhancing a city`s appearance, providing space for urban agriculture and land for 
future development of parks.  
But CoJ defined these spaces as public land that has not been developed nor has 
minimal development on it. 
2.9.1 Urban parks and public open spaces 
Public open spaces (town squares, market areas, church gardens and cemeteries) 
were established in towns and cities, as these areas served important economic, 
social and trade functions within the urban environment. Urban open spaces have 
been important sites of cultural, political, and economic life from early civilizations to 
the present day (Stanley et al, 2012: 1089).  
A good example of the vision that is needed to ensure park establishment is New 
York’s Central Park which was established by Frederick Law Olmstead in the late 
1900s. Olmstead understood that the park he was proposing would help shape the 
quality of lives of American people for generations to come (Rogers, 2006).  Also, 
after World War II, large numbers of Americans living in the countryside moved to the 
cities and many new suburbs with shopping centres and concrete parking lots had 
emerged, but few parks. This created an on-going need for more city parks to 
enhance the social, environmental, economic and health benefits for the public 
(Rogers, 2006; Jackson, 2003).  
Different organisations may designate open spaces or parks differently according to 
their classification of open spaces. Whatever their definition, to be formal, these 
public areas must be set apart from other land uses and then managed by 
government entities, notably municipalities. Stanley et al (2012) propose seven 
categories for the analysis of urban open spaces: food production areas, parks and 
gardens, recreational space, plazas, streets, transport facilities and incidental space. 
Open spaces can be defined as any urban ground space, regardless of public 
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accessibility, that is not roofed by an architectural structure and can include  areas in 
a largely natural state, or paved areas. Such ‘green zones’ are all areas that are 
covered by vegetation, whether natural or planted. Tree planting and other forms of 
urban greening have become popular in recent times, as their contribution to the 
health and well-being of urban residents has been recognised (Gomez et al, 2011).  
2.9.2 The social and health benefits of parks 
Public open spaces have benefits including social and health benefits for people and 
add value to towns and cities because they promote active outdoor living for 
residents, allowing picnicking, socialising by active groups and in cities where many 
people live in apartments, provides a way to relax and enjoy the outdoors (Kellett, 
2009). There are social values of parks that go beyond recreation. In a study 
conducted in 1990 in Fort Myers, Florida, USA, police documented a 28% drop in 
juvenile arrests after building a new recreation centre and park in a low-income 
community (Sherer, 2006).  A study in Chicago to determine the impact of the 
community in social control of public spaces like parks also showed that parks 
promoted unity in the community, deterred disorder and reduced the levels of 
physical and social disorder (Sherer, 2006).  
Studies have shown that physical activities like playing or excising in a park can help 
fight obesity.  Often people use parks for exercising and to improve their physical 
and mental well-being (Jackson, 2003). For small children, playing entails learning 
and play has proved to be a critical element in a child`s future success by developing 
muscle strength and co-ordination, language, cognitive thinking and reasoning 
abilities (Sherer, 2006).   
2.9.3 Incorporating natural areas into parks networks 
In sustainable urban development, urban greening is a key element, and urban 
biodiversity must be an integral component of this greening. Parks may also 
enhance a city’s appearance and increase nearby property values and open spaces 
can also provide space for urban agriculture (through ‘allotments’). Urban areas can 
contain rich ﬂora and fauna that contribute signiﬁcantly to biodiversity, but 
fragmentation, loss and isolation of habitats due to urban sprawl threatens 
biodiversity. If properly designed, the connectivity provided by urban green spaces 
offers habitats and corridors that helps conserve biodiversity. Identifying and 
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providing these types of linkages have now become a planning objective in many 
cities. Consequently, preserving habitat and dispersal routes and developing a 
comprehensive green space network that can maintain landscape-scale connectivity 
have become crucial factors in urban biodiversity conservation (Kong et al, 2010).  
2.9.4 Park safety  
A natural outdoor area such as a park improves the psychological health of city 
dwellers (pers comm., Dr Marlin Mackay, 2014). However, the safety of parks is 
often a concern for park users, and larger natural areas and greenways (landscaped 
areas along streams and rivers and similar areas) provide much-needed recreational 
opportunities for urban residents, there is a tension between these needs and 
concerns for safety, particularly for women and the elderly (Lymes and Tamminga, 
1995). In many cases, the provision of clear sightlines and the use of lighting along 
greenways and nature trails increase safety, but many residents feel that the 
ecological integrity and natural character of urban greenways is compromised by 
such measures so that elements of ‘human ecology and behaviour’ should be taken 
into account when designing such greenways so that human safety is enhanced. 
However, in most cases, even when measures are put in place, these types of urban 
areas exclude women because they do not feel safe (Lymes and Tamminga 1995).   
2.9.5 Remediation of contaminated land for urban parks 
The paper by Lymes and Tamminga (1995) expands considerably on the different 
elements of safety in parks and natural areas,  and how different elements of risk 
can be countered by careful design of these areas, including the provision of lighting, 
route choices for walkers and cyclists so that their routes are not predictable, clear 
signage and so on. They do not, however, consider contamination, ecotoxicology 
and impacts on human health as a risk.  The remediation of contaminated areas has 
become an important issue as cities expand and surround former industrial areas 
which may be severely contaminated. Yet, there are a growing number of examples 
where land, river and wetland areas contaminated during the Industrial Era are 
renovated for modern used as public parks and greenways, or developed for other 
uses. Many organisations and consultancies now specialise in this type of 
remediation. The main constraint is the cost of such renovation. 
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The Long Dock Park project transformed a 14-acre man-made peninsula on the 
Hudson River in Beacon, New York, from a degraded, post-industrial relic to a major 
waterfront park. The project returned public access to the river, remediated 
contaminated soils, rehabilitated degraded wetlands, reused found materials in 
innovative ways, and restored ecological diversity to upland, wetland, and intertidal 
zones. The Long Dock Park site has over 2000 linear feet of river shoreline and is 
composed of industrial fill from the 19th and early 20th centuries. It contains large 
quantities of rubble and demolition debris, including many large concrete slabs. 
Invasive plants dominated the site due to the nature of the fill. Large portions of the 
site are below the 100-year flood plain and often are inundated. Groundwater is very 
close to the surface in certain areas. Industrial fill is very well drained in other places. 
Soils had been contaminated by the materials used to create the site. The cost of 
rehabilitation to recreational standards was $3,295,402 (Long Dock, 2015). 
Gainesville’s Depot Park Brownfield Redevelopment is another example of an 
industrial site which operated from the 1860s to the 1950s.  This site originally 
provided gas for street gas lights, home lighting and stoves and other commercial 
activities in the area, including a cotton gin, flour mill and furniture.  Soil and 
groundwater contamination occurred at this site. More recently, the USA 
Environmental Protection Agency awarded a $200,000 Regional Brownfield Pilot 
grant to the City of Gainesville to conduct an environmental site assessment on the 
site. Originally called the East Gainesville Sprout Project, it aimed to assist 
redevelopment of the site into a storm water treatment facility with the amenity 
feature of a park.  In 2002, the Florida Department of Environmental Protection 
(FDEP) executed a Brownfield Site Rehabilitation Agreement to remediate 
contamination and complete the redevelopment activities.  The original site consisted 
of 20 acres but as additional contamination was identified on adjacent and nearby 
parcels, the remediation area grew to 37 acres. Contractors excavated and removed 
255 000 tons of contaminated soil while 73 million gallons of groundwater were 
treated, to create a recreational lake and park (Gainesville Project, 2015). 
In London, the Wildfowl and Wetlands Trust (WWT) London Wetland Centre was 
created from a sewage plant area that had been abandoned and become derelict. It 
covers 29 hectares and was opened to the public in 2000, and is now declared a Site 
of Special Scientific Interest (WWT, 2015). 
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2.9.6 Urban renewal 
Over the past few decades, many governments have revitalised run-down city parks, 
built greenways along rivers and planted community gardens in vacant lands, 
realising the value of these to the quality of city life. The equitable accessibility of 
green open spaces has also been ideologically linked with equitable access to public 
space, especially proximity to parks, is increasingly addressed as an environmental 
justice concern as well, rather than just a recreational issue (Stanley et al, 2012: 
1090). 
A report on the State of Cities in Britain called for a comprehensive approach to 
planning, urban design and management with a view to realising the potential 
amenity value of the public realm. There was a sense at this time that cities and 
towns should be designed as networks that link together residential areas to public 
open spaces and natural green corridors and ecosystems, with benefits for both 
people and wildlife, and that in this way urban ecosystems could also be protected 
(Gill et al, 2008).  
Green infrastructure is also thought to offer significant potential to help adapt urban 
areas to climate change through moderating micro-climates and reducing surface 
water runoff and the management of urban land use and land cover can help to 
facilitate climate adaptation (Gill et al, 2008). Urban areas have more hard structures 
than rural areas, and these can heat up during the day and increase the air 
temperature, making cities warmer than the surrounding countryside. Increased heat 
in cities can result in negative health consequences, particularly for aged people and 
those confined to apartments lacking air conditioning facilities. Parks break up 
reflected heat from these hard surfaces to bring a cooling effect through the shade 
they provide (Kusaka, 2004). 
Yet in many cities, parks are still neglected and unsafe and there are still many 
challenges in managing public open spaces and parks, such as vandalisms and 
degradation of the state of parks and public spaces. It is for this reason that more 
neighbourhood parks that are community orientated and community run (‘friends of’ 
movements) should be developed. In the African context, early African civilization 
regarded public spaces as gathering places to discuss matters affecting relevant 
communities (Stanley et al, 2012). 
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2.9.7 Parks in developing countries 
In many developing countries, within Africa and elsewhere, populations are rapidly 
urbanising, often in chaotic and unplanned slum settlements, with few open spaces 
of any quality. In  Nigeria’s capital city, Lagos, for example, a study found that the 
planned open space ratio was 81 000 people per hectare, compared to the 
international average standard of 600 people per hectare, meaning that Lagos did 
not fully cater for the recreational needs for its urban residents and there were 
inadequate parks for the populace. This means that a desirable open space ratio is 
not often met in over-populated cities around the world, particularly in rapidly growing 
African cities and should be attended to if these cities are to be quality urban 
environments in the future  (Adejumo, 2014). 
In Caracus, Venezuela, the restoration of run-down areas and the building of new 
public parks were seen as a way to deal with urban conflict and crime.  The Hugo 
Chaves Park is to be established in what is generally regarded as a severely crime-
ridden and degraded part of the city and where people have abandoned public 
spaces out of fear. It was hoped that this new park will help to bring new beneficial 
social activity to these run-down areas and reduce urban crime in Caracus (Lopez, 
2014).  
2.9.8 Parks development in a South African context  
Municipalities in South Africa have identified parks development as a priority 
investment and allocated capital expenditure on their budgets for this function. The 
large Metropolitan municipalities in Johannesburg, Cape Town, Pretoria and Durban 
have adequate funds allocated to parks development while smaller municipalities 
and their towns such as Makhado, Thohoyandou, and Giyani in Limpopo have 
limited funding for park development.  
Durban (eThekwini) has led the way in open space planning and biodiversity 
conservation within the urban form. All the city’s nature reserves and green areas are 
linked via a system which is unique to Durban, known as D’MOSS (Durban 
Metropolitan Open Space System). The Durban Metropolitan Open Space System 
plan focused on the design of an open space plan to protect and guide the 
management of the city’s natural resource base and despite urbanization destroying 
many elements of biodiversity within the City of Durban, the City still has remarkable 
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biodiversity to conserve. Open space planning began in Durban 20 years ago and as 
a result has developed into a 5-phase framework plan, which had its conclusion in 
2002. The Durban Metropolitan Council created green corridors, which meander 
through Durban, joining vital core areas of conservation significance and allowing 
fauna, and flora a corridor along which they can travel, ensuring diversity and 
eliminating isolation (Laros, 2004). 
 
Gauteng is the smallest province within South Africa, and is located within both the 
savannah and highly threatened grassland biomes that together constitute six 
vegetation types. Gauteng is also the most highly populated province as well as the 
most urbanized, with a property boom leading to great emphasis being placed on 
clearing land for development. This and industrialization, mining and agriculture all 
contributed towards a loss in biodiversity. A Biodiversity GAP Analysis Project 
(BGAP) was undertaken to identify and map areas that are of biodiversity importance 
in Gauteng, through a systematic and empirical conservation-planning program 
(Laros, 2004). 
In Gauteng province, through the Gauteng City Region initiative, there is also a long 
term project that aims to develop a Green Infrastructure Plan (GIP) for the proposed 
Gauteng City-Region (an area envisaged to be larger than the current Gauteng). The 
Gauteng City Region is a vision to develop a bigger economic region with the 
economic region extending from Rustenburg to Witbank, from Pretoria to Sasolburg, 
with a predicted population of 15 to 20 million people (Schaffler, 2013).  In such a 
large region, it will be important to consider the social value of sustainable green 
landscapes and that new parks are built to provide recreation for an increasing 
regional population (Todes, 2014).  
In the City of Johannesburg, Gauteng, an initiative to address the rapid loss of open 
spaces by activities such as urban development and expansion was established.  
This was called the Johannesburg Metropolitan Open Spaces System (JMOSS) and 
dealt with issues relating to environmental planning and sustainable development 
(JMOSS, 2002). The loss of open spaces in Johannesburg is also caused by illegal 
occupation of the open spaces, vandalism and poor management practices such as 
allowing invasive plants species to proliferate.   
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2.9.9 Johannesburg City Parks and Zoo planning framework 
In South Africa there are municipal regulations and by-laws that provide an effective 
legal and administrative framework for the management of parks and open spaces 
and these by-laws are designed to be municipality-specific. For example, in CoJ, the 
purpose of by-laws is to ensure that Council manages and controls, as well as 
develops, public open spaces in a manner which is environmentally sustainable, and 
the development should be in the best interest of the community of Johannesburg. 
The by-laws also define the rights and obligations of the public, regarding using 
public open spaces (City of Johannesburg By-laws, 2000). 
The Johannesburg City Parks and Zoo (JCPZ) is an entity created by the City of 
Johannesburg and is registered as a non-profit company under the South African 
Companies Act No 71 of 2008 to develop, maintain and conserve the green open 
spaces in Johannesburg. The Strategic and Tactical Framework (22 April 2013) was 
developed to outline key strategic priorities related to sustainable development of 
public open spaces. 
The sustainable development of parks is also covered in the Growth and 
Development Strategy 2011 (GDS) where the GDS states that it is critical for the CoJ 
to make provision for open space for recreational use as well as other initiatives such 
as roof top gardens and hydroponics.  The Integrated Development Plan 2013-2016 
(IDP) of the CoJ also states that open spaces that are developed should be 
maintained as per the standard of the relevant category of parks. The Growth and 
Development Strategy 2040 (GDS) in particular, has identified that the natural 
environment in Johannesburg is threatened by poor resource management (i.e. 
management of water, open spaces and wetlands) by City departments, and that this 
will lead to a severe impact on the natural environment.  Poor management of the 
above-mentioned resources also includes the issue of pollution and AMD, although 
this is not specifically mentioned in CoJ strategies. The JCPZ Strategic goal (vi) 
refers to using green technology such as the use of microbial additives and 
remediation approaches for mitigating pollution, as well as dealing with serious 
threats like AMD. 
It is also important that park managers understand the decisions that people make 
about which parks or public open spaces they access, how far people are willing to 
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travel and what type of recreation people want in those identified parks (Schaffler, 
2013). 
In Johannesburg, more parks are being developed in the townships and informal 
settlements to mitigate the imbalance of the apartheid regime where parks were not 
often developed in such areas (Tshikotshi, 2009). In recent times, there are new 
initiatives to provide parks to newly upgraded areas, for example, the music themed 
Zola Eco-Park and pedestrian walkway in Soweto (Joburg Green Map, 2012). 
The Johannesburg City Parks and Zoos (JCPZ) has an initiative to engage 
communities in park management, known as ‘Jozi at Work’. The intention of this 
initiative is to encourage the public to positively participate and have a voice when it 
comes to parks development. Furthermore, this will allow communities to mobilise 
themselves and form co-operatives that will maintain the parks benefit from paid 
maintenance work opportunities.   
 
2.10 Other Parks in Region C identified as high risk for contamination by AMD. 
The City of Johannesburg currently has to deal with the legacy of the gold mining 
era, notably the partially remediated mining landscape that stretches from the East 
Rand to the West Rand and passes through the centre of Johannesburg.  
The City of Johannesburg has more than 2 300 parks and over 10 000 hectares of 
green areas and walking trails (List of Parks, 2015) There are eight parks (Table 1) 
in Region C at high risk from contamination by run off from local mine dumps.  
Table1:  Parks at risk for Acid Mine Drainage and other mine contamination in 
Region C, City of Johannesburg.  
Ward 
No. 
Suburb Park name Type of facility Asset (Park 
identity 
number).  
Size 
70 Davidsonville Manuel Street 
Park 
Developed park  PK 2375 2.3 ha 
44 Braamfischerville Darling Rd Public open space PK 4027 5.59 ha 
70 Fleurhof Smelt Park Undeveloped Park.  PK 1024 8.07 ha 
70 Florida Florida Lake Regional Park  PK 0384 54.47 ha 
70 Robertsville Maud Street Undeveloped Park PK 4174 30.09 ha 
71 Witpoortjie Klipriver Park  Public Open space PK 4161 917.87 ha 
127 Matholesville Molapo 
Crescent  
Public Open space PK 3043 4.12 ha 
129 Thulane Ext 3 Thulane Ext3 Public Open space PK 3248 2.07 ha 
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Within the African context, early civilization regarded public spaces as a gathering 
place to discuss matters affecting relevant communities (Stanley, 2012). In Nairobi, 
the capital of Kenya, more people relocated to the cities after independence, looking 
for a better life, and urbanisation put more pressure on resources in the cities, 
creating environmental degradation (Nabutola, 2012). So, with urbanisation there are 
challenges such as vandalisms and degradation of the state of parks and public 
spaces. It is for this reason that more neighbourhood parks that are community 
orientated should be developed.  
Over the past few decades, many governments around the world have revitalised 
run-down city parks, built greenways along rivers and planted community gardens in 
vacant lands (Sherer, 2006). In a study conducted in 1990 in Fort Myers, Florida 
USA, police documented a 28% drop in juvenile arrests after building a new 
recreation centre and park in a low-income community (Sherer, 2006).  A study was 
also done in Chicago to determine the impact of the community in social control of 
public spaces like parks. It was observed that collective efficiency (unity) by the 
community deterred disorder, and levels of physical and social disorder were low 
(Sherer, 2006).  
Furthermore, when the natural features of the landscape are visible, it has a positive 
effect on people such as appreciation and health and well-being. A study on 
environmental psychology in Netherlands established that when people can view 
natural landscapes there are positive health effects for the viewer (Velarde 2007).   
People around the world are showing interest on being actively involved in parks 
development and maintenance. Parks departments (managing agents for parks 
maintenance) and independent bodies or organisations such as Nene Park Trust in 
Peterborough England are an example of such community engagement initiative. In 
CoJ, the Jozi at Work initiative is to encourage the public to positively participate and 
have a voice when it comes to parks development. Furthermore this initiative will 
assist in that communities can mobilise themselves and form co-operatives that will 
maintain the parks, and they will benefit from paid work opportunities and this will 
help the City to address the challenge of (constructive awareness) unemployment 
especially the youth and women who are not employed.  
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In South Africa, parks were mostly established during CoJ. Examples of parks 
categories and their maintenance cycles in Johannesburg City Parks are: (1) 
Flagship parks which are maintained on a seven days cycle (this is a developed 
regional park with all amenities such as a dam, public toilets, play area and  a 
carrying capacity of 3 000 people; (2) Developed parks which are maintained on a 21 
day cycle (this is a park with play area and picnic facilities); (3) Undeveloped parks 
which are maintenance on a 60 day cycle (this park has no development of the park, 
only trees and grass. This category of park could be developed within 5 to 10 years); 
(4) Public open spaces which are maintained every 90 days (this is a park that has 
not been developed, and in most cases it is a servitude and it is not desired to 
develop it if not minimum development). 
 
2.10.1 Provincial government and parks as green assets 
In Gauteng province, through the Gauteng City Region initiative, there is a long term 
project that aims to develop a Green Infrastructure Plan (GIP) for the proposed 
Gauteng City-Region (an area envisaged to be larger than the current Gauteng). The 
Gauteng City Region is a vision to develop a bigger economic region with the 
economic region extending from Rustenburg to Witbank, from Pretoria to Sasolburg, 
with a predicted population of 15 to 20 million people (Schaffler, 2013).   
2.10.2 Johannesburg City Parks and Zoo planning framework 
The Johannesburg City Parks and Zoo (JCPZ) is an entity created by the City of 
Johannesburg and is registered as a non-profit company under the South African 
Companies Act No 71 of 2008 to develop, maintain and conserve the green open 
spaces in Johannesburg. The Strategic and Tactical Framework (22 April 2013) was 
developed to outline key strategic priorities related to sustainable development of 
public open spaces. 
In South Africa there are municipal regulations or by-laws that provide an effective 
legal and administrative framework for the management of parks and open spaces 
and these by-laws are designed to be municipality-specific. For example, in CoJ, the 
purpose of by-laws is to ensure that Council manages and controls, as well as 
develops, public open spaces in a manner which is environmentally sustainable, and 
the development should be in the best interest of the community of Johannesburg. 
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The by-laws also define the rights and obligations of the public, regarding using 
public open spaces (City of Johannesburg By-laws, 2000). 
It is also important that park managers understand the decisions that people make 
about which parks or public open spaces they access, how far people are willing to 
travel and what type of recreation people want in those identified parks (Schaffler, 
2013). 
Parks like Manuel Street Park which have been contaminated by mine run-off, is part 
of new City of Johannesburg endeavours to create useful, safe and attractive city 
parks as assets that benefit people and biodiversity. Community participation 
contributes positively towards good relations being built between municipalities and 
the public. Research in Zimbabwe found that partnerships between the Government 
and the community resulted in good progress being made regarding improvement of 
services by the Government (Chitekwe-Biti, 2014). In Gauteng province, through the 
Gauteng City Region initiative, there is a long term project that aims to develop a 
Green Infrastructure Plan (GIP) for the proposed Gauteng City-Region (an area 
envisaged to be larger than the current Gauteng). There are 7 parks (Table 1) that 
are identified in Region C as being at a high risk for contamination by run off from the 
mine dumps.  
Table 2.  Parks identified as being at risk for AMD contamination in Region C, 
City of Johannesburg  
Ward 
No. 
Suburb Park name Type of facility Asset (Park 
identity 
number).  
Size (ha) 
44 Braamfischerville Darling Rd Public open space PK 4027 5.59 ha 
70 Fleurhof Smelt Park Undeveloped Park*.  PK 1024 8.07 ha 
70 Florida Florida Lake Regional Park**.   PK 0384 54.47 ha 
70 Robertsville Maud Street Undeveloped Park PK 4174 30.09 
71 Witpoortjie Klipriver Park  Public Open 
space***.  
PK 4161 917.87 
127 Matholesville Molapo 
Crescent  
Public Open space PK 3043 4.12 
129 Thulane Ext 3 Thulane Ext3 Public Open space PK 3248 2.07 
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* This means that it is a proclaimed park but has not been developed. 
** This is a park with all amenities such as public toilets, recreational facilities, dam 
for water activities, trees and braai facilities. 
*** These are open spaces with no public facilities. 
 
2.10.3 Conclusion 
Rehabilitation of mine dumps and mining landscapes is an on-going challenge in 
mining nations. Remediation, restoration and rehabilitation have been done 
successfully in many cases, but are generally a long term and expensive 
undertaking. There are many approaches to these activities, depending on the 
nature on the contamination, and both plants and microbes can be useful in various 
situations.  A preparation known as Effective Microorganisms (sold as EM1) appears 
to be useful in various agricultural and pollution situations, including mining, although 
the actual mechanisms by which these benefits occur seem unclear.  
Mining legislation in most countries now requires that mine closure is attended to in 
such a way that the impacts of mining activities are mitigated and that the mining 
environment is returned to a near-natural condition where possible.  
South African mining legislation controlling all phases of mining operations is now in 
place, including regulations on mine closure. These regulations need to be enforced 
to be able to deal with the problem of mine pollution and contamination of water and 
soil by heavy metals. On the Witwatersrand, the pollution legacy of gold mining 
remains, as the current Minerals and Petroleum Resources Development Act No. 28 
of 2002 (MPRD) and its regulations is not enforceable regarding mines which closed 
down or were abandoned decades ago. In early mining operations on the 
Witwatersrand, no environmental legislation regulated mining impacts before, during 
or after mining.  
The Johannesburg City Parks and Zoos (JCPZ) does not currently have a strategy to 
deal with mine runoff and other mining impacts in its parks, particularly those parks 
near mine tailings dams. This study involving the testing of EM1 preparations for the 
remediation of Manuel Street Park will, hopefully, be useful in developing guidelines 
on how to remediate this and other parks in the CoJ that may be polluted by mine 
runoff.  
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Chapter 3 Research design and methodology 
The experimental work for this study took place in four stages.  In Stage One, a 
qualitative community survey of users of Manuel Street Park (MSP) was conducted; 
Stage Two was to investigate the soil profile at the Park. Stage Three involved 
conducting greenhouse trials while Stage Four was the development of a 
remediation and rehabilitation plan for MSP, including landscaping diagrams. The 
remediation plan for MSP was drawn up using information gained during the study 
(greenhouse trials, community survey and soil profile). The actual rehabilitation of 
the park will not be part of this study. 
 
3.1. Social survey 
Participants in the case study survey included a small number of residents of 
Davidsonville (n=60), as well as representatives from local schools, religious 
institutions (churches, mosques), businesses and industries in Davidsonville. The 
survey was a qualitative study. The questionnaire was developed to directly 
investigate how people in an around MSP are using the park and what their 
expectations are for rehabilitation of the park.   
The typical respondent for the survey was a MSP user who was approached at the 
Park and was asked to complete the survey form (see Survey Form in Appendix 19). 
Ethical clearance for the survey was obtained from the UNISA Ethics Committee. No 
names were required and therefore 100% anonymity was achieved, as per the 
requirements of the Ethics Committee. Questions were explained to the participants 
to ensure they understood the questions.  The interviewer’s role was to interview the 
respondents and complete a survey form on their behalf, or facilitates the 
interviewees to complete the questionnaire on their own, giving guidance when 
required. Only respondents over the ages of 18 years were interviewed because of 
ethical issues relating to obtaining parental consent for younger respondents.  A total 
of 60 completed survey forms were administered.  
Results were analysed to determine public issues relating to the park and its 
contaminated status, with the aim of using the findings to rehabilitate Manuel Street 
Park and other contaminated parks within the City of Johannesburg. 
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 3.2. Soil profile 
A soil pit was dug at MSP to investigate the physical properties of the soil underlying 
the park, with a particular view to investigating any mine-related characteristics of the 
soil profile. Digging was done by a team of City Parks officials on the less compacted 
section of the park, in January 2014 when the soil was moist following rains. The 
method used was similar to that described by Banks et al (1998) and Envirothon 
(2013) and involved digging a pit about 1 m3 or until an impenetrable layer was 
reached. At a depth of 1.2 meters, soil water was reached and water began to fill the 
pit, making further digging difficult.  A water sample from the soil pit, as well as a soil 
sample, was tested at the UNISA Laboratory.  
 
3.3. Effective micro-organisms 
3.3.1. Preparations of EM1 
Batches of EM1 were brewed by the researcher using methods described by 
Raghavan et al (2011).  This involved mixing and incubating EM1 from 18th April 
2014. This was done so that bi-weekly dilutions of EM1 could be made throughout 
the experiment, and fresh brew was used continuously during the experiment.  
Materials for the EM1 preparation were received from Altius Environmentals (P.O. 
Box 2074, Lonehill, Johannesburg, 2062, Lonehill Boulevard, Sandton, 2062). The 
materials used for the formulation were:  5% EM1 mother stock, 5% pure liquid cane 
molasses (Altius Environmentals, Johannesburg), 90% clean municipal water, 0.05% 
mineral mix. The cap of the container containing chlorinated municipal water was left 
unscrewed for three days before use to allow the chlorine to be released from the 
water.  
Since the formula for brewing EM1 is 5% stock EM1 + 5% molasses + 90% water, 
and a quantity of 5 litres was brewed, the following formulation was used: 
 
5% molasses x (5 litres) + 5% EM1 stocks X (5 litres) + 90% water X (5 litres) 
= 250ml molasses + 250ml EM1 stock + 4500ml water   
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The molasses were mixed and dissolved in warm water before the mineral mix was 
mixed into the molasses solution. Then 250 ml of EM1 stock was mixed into the 
molasses/mineral solution. A five litre container was filled with 4.5 l of water (chlorine 
free) and mixed well.  The container was finally sealed to prevent oxygen entering 
the container (and thus to allow anaerobic fermentation conditions) and stored at a 
temperature of between 15oC to 20oC (Raghavan et al, 2011).  
The container was stored away from sunlight and a small insulating blanket was 
placed around the container.  Daily observations of this improvised bioreactor were 
made and after six days, material resembling a white fungal mat appeared on the 
liquid surface and pressure started to build up inside the container because of CO₂ 
release.  Pressure from the latter was released every two days by loosening the cap.  
The mixture was brewed for 14 days before being diluted with tap water to a 1% 
solution for the experimental treatments.  All of the equipment, ingredients and water 
used in this experiment were cleaned but not sterilised. This means that the EM1 
preparation does not need to be made in a laboratory, and can be made in any 
basic, clean environment. 
3.3.2. Measuring pH 
It was necessary to measure the pH of the EM1 from the day it was brewed up until 
the day it was ready for use, as a low pH indicates that organic acids were formed 
and that the product was ready for use. The pH was measured every third day   And 
the EM1 was considered ready for use by day 15 after brewing. When the pH 
reached 3.8 whereupon the EM1 was further diluted to a 1 % solution with tap water.  
 3.4. Greenhouse trials 
Greenhouse trials were conducted at the environmentally controlled greenhouses at 
UNISA according to the flow diagram indicated in figure 5. The study set out to 
investigate the effect of the addition of Enhanced Microorganism (EM1) formulation 
on the germination and development of kikuyu grass (P.clandestinum) growing in 
treated MSP soil. In these greenhouses, environmental conditions as indicated in 
table 1 were controlled to allow consistent data to be collected. 
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  Stage 1             Stage 2 
 
Figure 7:  Diagram showing the flow of greenhouse research. Abbreviations: PT - 
Pilot Test, IGE - Initial Growth Experiment, EXP - Experiment and LTEXP 
- Long Term Experiment.    
 
Different treatment protocols were followed as indicated in table 2 Seedling growth 
was observed and measured to determine the difference between treatment and 
control experiments. To expose the researcher to practical conditions in the 
greenhouses prior to starting the large scale greenhouse trial experiments, seeds 
were germinated and plantlets transferred to fresh soil at an initial pilot scale site.   
The pilot test was conducted to test the viability of the seeds and Plug Mix ®, which is 
made of white peat and was used as a substrate, using a 128 well seedling tray.  
Plug mix, peat and the seedling trays were provided by Unisa and the seed was 
purchased from Sakata Seeds. Three students from the Johannesburg City Parks 
Horticultural Academy assisted with preparing the seed trays and sowing the seed. 
Seeds were sown manually and a total of 512 seeds being sown with one seed per 
well.  The trays were placed in the Zone 4 tunnel at Unisa.  The greenhouse was 
fully automated to control the temperature, humidity, radiation and light intensity as 
per Table 1. 
 
•     Replicates similar to IGE          
Good germination 
•Good development.  
•Hypothesis 1 and Hypothesis 
2 proven.  
•Replicates similar  to IGE 
and EXP. 
•Good germination. 
•Good development. 
•Germination after 6 days. 
•Treatment vs Control  
replicates. 
•Treatment developed 
better compared to control 
•Germination after 6 days. 
•Leaves started to develop 
after 10 days. 
•85% germination occured 
 
 PT IGE 
EXP LTEXP 
Stage 3 Stage 4 
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 Table 3:  Controlled experimental conditions at the Unisa green houses 
Factor Value 
Temperature  
 
Day temperature at a maximum of 25ᵒC  
Night temperature at a minimum of 18ᵒC  
Humidity 60% to 70% 
Radiation Below 200 watts/m² 
Shade screen 40% 
Light intensity 900lux to 1600 lux 
 
After four weeks (28 days) the seedlings were transferred to 1 litre bags. The 
growing medium in the bags was 50% Cori and 50% TS4 (Klausann Deilmann®). 
Cori and TS4 were used as it is a good growing media and could be used as a 
benchmark when the main experiments were laid out. The Cori was soaked for 45 
minutes before it was mixed with the TS4, as TS4 comes in a solid form. Mixing was 
done manually to ensure a correct mixing ratio and texture. The 1 litre bags were 
then filled by hand and watered before transplanting. The seedlings were gently lifted 
by the leaves and plugged into the medium in the bags, one seedling per bag.  The 
bags were placed in Zone 4 at the green houses, where temperature, humidity and 
light intensity was kept constant.  Seedlings were observed twice a week to record 
the development of the seedlings by measuring them using a measuring tape. The 
seedlings were maintained in a controlled environment within Zone 4 for four weeks. 
After another four weeks of growth following transplanting, the grass was removed 
from the bags to analyse the development of the roots by measuring and observing 
the root development.  At this stage, nine weeks after planting, the grass showed 
stress (yellowing of the leaves) which indicated the need for fertilizing and/or 
replanting in the ground.  It was noted that the roots had filled up the bag and there 
was no room for further root growth.  The plants were removed from the bags and 
the soil was washed off using running tap water. After washing, the plants were 
placed in a shady area to dry, using the method of Reeb (1999). The plants were 
dried for three days in this way and then the dry weight measured using a digital 
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scale.  All the plants were measured for statistical purposes. The average dry weight 
was used as a bench mark for the rest of the experiment.  
Table 3 shows how the experimental greenhouse trials were designed to address the 
‘proof of concept’ which was an experiment to test out the types of replicates for  the 
main experiment and to investigate how the P.clandestinum seedlings develop in the 
greenhouse experimental set up. 
 
Table 4:  Experimental layout for the ‘proof of concept’ experiment  
Soil treatment 
number 
Soil sample Organic and inorganic 
additives 
EM1 additions Type of seeds 
Initial Growth 
Experiment 
(IGE) 1  
Normal soil 
purchased from 
Cultera  
No additives No EM1 added P.clandestinum  
IGE 2  MSP* soil 
(polluted) 
No additives No EM1 added P.clandestinum  
IGE 3 MSP* soil 
(polluted) 
Compost and 2:3:2 
fertilizers  
No EM1 added P.clandestinum  
IGE 4 Mine dump soil 
from the 
Princess 
Dump** 
Compost and 2:3:2 
fertilizers 
No EM1 added P.clandestinum  
IGE5 MSP soil 
(polluted) 
Compost and fertilizers  1% EM1 added P.clandestinum  
IGE 6 Mine dump soil 
from Princess 
Dump** 
Compost and 2:3:2 
fertilizers  
1 % EM1 added P.clandestinum  
 *MSP Manuel Street Park 
** Soil from the Princess Dump next to Manuel Street Park 
 
 
 
For the treatments IGE 4 and IGE 5, a 1% treatment of EM1 was calibrated and 
sprayed over the trays using a 2 L hand sprayer. The EM1 was applied twice a week 
during the entire experiment.  
At the end of the experiments, the average dry weight was determined as described 
by Reeb (1999), i.e. each seedling was dried and weighed on a balance for 3 days to 
remove the moisture.  Stress on plants, especially at the seedling stage, limits crop 
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productivity (Mohammad et al, 2007) and it was envisaged that if the treatment with 
1 % EM1 is beneficial, treated seedlings will have higher average dry weight. 
 
As well as the ‘IGE’ experiment, another experiment was set up to test the study 
hypothesis and a similar method was used to sow the seeds as per Brickel (2004). 
The replicates of the second experiment were laid out as per Table 4.    
 
3.5 Identification of risks 
Risks that may have an impact on the park and park users were identified 
(environmental impact, pollution, health and safety) and rated. The scale or rating is 
dependent on the probability of the event that the relative risk may occur within a 
specified time, as well as the impact that the risk may have on MSP should the risk 
occur (Botkin and Keller, 2005). The level of risk based on the balance of probability 
that the risk may occur was described as: Level 5 = likely; level 4 = expected; level 3 
= unlikely; level 2 = improbable and level 1 = unusual.  
 
3.6. Instruments and tools 
The instruments and tools used in the experiment were valid and reliable to 
contribute to accurate data (Table 5). The instruments were calibrated before use to 
ensure they function according to manufacturer`s standards.  
 
3.7. Data collection and analysis 
Data from the greenhouse experiments were collected and analysed in a qualitative 
manner.  Social survey data were collected using a survey form and the qualitative 
analysis presented graphically. Soil was collected from MSP and analysed at the 
laboratory at Unisa. Measurement of the average dry weight of the seedlings using a 
digital scale was also done in the laboratory.     
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Table 5:           Experimental layout 
Soil 
treatment 
number (Not 
in ascending 
order) 
Type of 
experiment 
Soil sample Water 
source  
EM1additions Type of seeds 
used   
EXP 1 Negative 
control 
Normal soil  
Borehole 
water** 
No EM1 No seeds 
EXP 4 Negative 
control 
Polluted soil 
from MSP* 
Borehole 
water 
No EM1 No seeds 
EXP 2 Control Normal soil Borehole 
water 
No EM1 P.clandestinum  
seeds 
EXP 5 Replicate Polluted soil 
from MSP* 
Borehole 
water 
No EM1 P.clandestinum  
seeds 
EXP 6 Replicate Polluted soil 
from MSP* + 
2:3:2 fertilizer 
+ compost 
Borehole 
water 
No EM1 P.clandestinum  
seeds 
EXP 8 Replicate Polluted soil 
from MSP  
Borehole 
water 
1% EM1 
added 
P.clandestinum  
seeds 
EXP 7 Replicate Polluted soil 
from MSP* + 
2:3:2 fertilizer 
+ compost 
Borehole 
water 
1 % EM1 
added 
P.clandestinum  
seeds 
EXP 3 Replicate Normal soil Borehole 
water 
1 % EM1 
added 
P.clandestinum  
seeds 
*MSP = Manuel Street Park 
** The water quality of the UNISA borehole water was not determined 
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Table 6:  Equipment and tools used during field work and greenhouse trials 
Instrument or tool Use 
Garden tools (pick, spade) To dig soil profile 
Measuring tape To measure the horizon of the soil and the 
length of seedlings. 
Laboratory water bottles To collect water samples 
Sealable plastic bags To collect soil samples 
128 well  seedling trays To sow the seeds in during the experiment 
Trolley To move the seedling trays and bags of soil. 
5 litre knapsack sprayer To treat seedlings with diluted EM1 
Digital scale To measure  dry weight 
pH meter  To measure the pH 
Measuring jar To measure the quantities when EM1 was 
brewed  
5 litre plastic container  To store EM1 once it was brewed 
Camera To take photographs  
Rubber gloves, musk, goggles  For safety when collecting AMD 
Computer with AutoCAD  To draw the layout plans 
Geographic Information System (GIS) To get the locality of the park with contours 
 
 
3.8 Proposed Design perspectives   
A colleague (Landscape Architect) was requested to assist with the AutoCAD 
programme to draw the designs. Drafts and other information such as 
measurements were provided by the researcher.   
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Chapter 4 Results and Discussion 
This study was set out to measure if the participants understood the pollution and 
contamination of Manuel Street Park, using questionnaires.    
4.1 Resident`s satisfaction survey for Manuel Street Park. 
Because of the small sample size (n=60), results were quantitatively analysed.  No 
names were required and, therefore, 100% anonymity was achieved, as per UNISA 
Ethics Committee requirements, and no children were interviewed. The purpose 
behind the survey and questions was explained to those participants who had 
difficulty understanding the questions.  The survey was conducted in February 2014 
(summer), and although not specifically interrogated, the researcher understood that 
the time of year/season would probably have an influence on respondent 
perceptions of MSP.  
 
4.1.1 Results according to age 
 
 
Figure 8:  Manuel Street Park users by age in 2014 (n=60) 
 
The purpose of the survey question was to understand who was the biggest user 
group using MSP to assist in planning improvements for the park. 
33.33% 
17.95% 17.95% 
23.08% 
7.69% 
Percentage users by age.  
18yrs to 25yrs
26yrs to 35yrs
36yrs to 45yrs
46yrs to 55yrs
Older than 55yrs
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Figure 6 shows that on the day of the survey, different age groups of persons utilised 
Manuel Street Park. Amongst the respondents, the highest number of park users 
were between 18 yrs and 25 yrs (n=13, 33.33% of sample). The two groups between 
the ages of 18 and 25 yrs (n=13, 33.3%) and 26 yrs and 35 yrs (n=7, 17.95%) 
formed the largest groups interviewed. On the day of the survey, the group that used 
the park the least were those people older than 55 yrs (n=3, 7.69%). Note:  Persons 
under the age of 36 are considered to be ‘youth’ by South African National Youth 
Policy (2009).1  
 
4.1.2 Length of residence in Davidsonville 
Respondents were asked to specify how long they had lived in Davidsonville. Half 
(n=18, 50.0%) of the respondents reported that they were born in Davidsonville and 
the majority of the remaining correspondents had lived in Davidsonville for extended 
periods of time. 
 
 
Figure 7:  Period of residence for Davidsonville residents (at 2014) 
 
This indicated that most participants know the park and its informal history very well. 
During the study no historical information on the park could be located within CoJ`s 
archives or from the Roodepoort library and museum. It would be informative to do 
more detailed follow up studies with this group to learn more about the history of the 
                                                          
1 
http://www.thepresidency.gov.za/MediaLib/Downloads/Home/Publications/YouthPublications/National
YouthPolicyPDF/NYP.pdf 
18 
2 2 
2 
5 
7 Born in Davidsonville
less than 5yrs
5yrs to 10yrs
11yrs to 20yrs
21yrs to 30yrs
More than 30yrs
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park and Davidsonville, particularly relating to mining and environmental pollution in 
the area.  
4.1.3. Distance from the Park. 
The majority of the respondents (n = 20) reported that they stayed less than 5 
minutes’ walk from the park. Respondents reported they walked between 5 and 10 
minutes to the park (n = 7) while a small number (n = 1) of the respondents reported 
that it took them more than 30 minutes to walk to the park. Many people walk to the 
park from their homes, rather than drive. This is a classic example of a 
neighbourhood park that provides for local residents with few people coming to use 
the park who are not from the immediate area. 
4.1.4. Use of the park by children 
More than three-quarters (78.95%) of the respondents reported that they have 
children. Respondents who reported that they have children were asked to specify if 
they allow their children to visit the park. More than half (60.00%) of the respondents 
reported that they do not allow their children to visit the park.  
Respondents who reported that they did not allow their children to visit the park were 
asked to specify their reasons. A total of 18 respondents specified their reasons with 
most saying that that they felt that the park was not safe for children because of a 
trench that was dug in the park, the presence of youngsters using the park for 
drinking and taking drugs, and because of broken bottles. Other reasons included 
fear of acid mine drainage, concerns that there are no ‘proper facilities’ (toilets, taps, 
safe playground equipment, braai facilities), and the fact that the park ‘is not clean’. 
Some of the respondents’ comments as to why they do not allow their children to 
play in the park include: 
1. ‘It’s dangerous for my children to play in the park due to Acid Mine Drainage’ 
2. ‘High risk of cyanide poisoning and broken glass bottles’ 
3. ‘It’s not clean, dirty water. Glasses not safe for children’ 
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Figure 8:  Reason parents do not allow children to use Manuel Street Park  
 
4.1.5. Reasons for using the park 
Nearly a quarter (24.19%) (n=15) of the respondents stated that their main reason to 
come to the park was to spend time with family or friends; 22.58% (n=15) reported 
that they came to the park to relax; 14.52% (n=9) reported they brought children to 
the park to play and 12.90% (n=8) reported that they came to the park because it 
was close to their home (Table 4). This information will help with the future design of 
the park.  
 
 
Figure 9:  Current use of Manuel Street Park 
33.33% 
4.76% 
52.38% 
9.52% 
Reasons parents do not allow their children 
to use Manuel Street Park 
Not safe for kids
No proper facilities
Health risks due to AMD
Not clean
24.19% 
22.58% 
14.52% 
12.90% 
9.68% 
9.68% 
3.23% 
1.61% 
1.61% 0 
current park use 
family time
leisure
children to play
close to home
exercise
picknic
church function
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4.1.6. Changes noticed after contamination. 
Survey respondents were requested to specify if they noticed any changes in the 
park after the flooding that occurred in the park in 2012. Nearly all of the participants 
noticed the changes in the park after the mine run-off, whereas some did not notice 
any changes. Respondents who reported that they noticed changes after the 
flooding were asked to specify the changes noticed. Two respondents stated  that 
the ‘grass does not grow in some parts in the park anymore’, while others made 
statements such as:.  
1. ‘Acid water contributed on the health’ (sic). 
2. ‘Children playing in contaminated water’ 
3. ‘Grass destroyed’ 
4. ‘It endangered the lives of the children who would spend time at the park’ 
5. ‘Park is not green like it was, the grass not growing anymore’ 
6. ‘Sick children as a result of playing in contaminated water’ 
7. ‘There is a trench that was dig for water to flow but has not been closed since’ 
8. ‘Unhealthy environment for children s to play’ 
9. ‘Water was running all over and children could not play and it led to our 
children playing in    the bush’ 
 
4.1.7. Local awareness of AMD as a health issue 
Respondents were requested to specify if they were aware of acid mine drainage 
(also called AMD). Most respondents reported that they were aware of AMD while a 
small group did not specify. 
Respondents who reported that they were aware of acid mine drainage were 
requested to specify what they know about acid mine drainage. Table 6 below shows 
respondents’ comments. 
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Table 6:  Respondents’ understanding of acid mine drainage 
‘It’s dirty and can make our children sick and it’s not safe’ 
‘It is a danger for one’s health’ 
‘Water drained into Davidsonville’ 
‘Poisonous water’ 
‘Water with acid from the mines’ 
‘Mine water containing acid which is harmful to the children and 
community’ 
‘Mine water with acid that can make us sick’ 
‘Can make our children sick’ 
‘Water from the mines which contains toxic heavy metals and radioactive 
particles’ 
‘Causes skin diseases’ 
‘Heard it on TV but cannot remember the details’ 
‘Acid water’ 
‘Rain water’ 
‘Acid rain water’ 
‘Has to do with acid water’ 
‘Sand from the mine dumps’ 
‘Rain water combined with cyanide soil’ 
‘Rain water and mine sands’ 
‘Health risk’ 
‘It made the park grass white’ 
 
Results of formal studies undertaken on communities residing near mine dumps 
indicate that many people staying near the mine dumps suffer from respiratory 
diseases (Boulanger and Gorman, 2004; Wright et all, 2014). Respondents to the 
MSP survey were requested to specify if they or any of their family members 
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suffered from any ‘respiratory disease’. Their understanding of respiratory diseases 
was asthma and tuberculosis.  More than half (58.97%) of the respondents as 
depicted in Figure 11 reported that they or their family members did not suffer any 
specific respiratory diseases.  Most of the respondents who suffered from respiratory 
disease such as asthma were in the 55 yrs and older age group. This could reflect 
long-term health effects or impacts of the un-rehabilitated mine tailings and dust in 
Davidsonville, but this would need to be probed further to be conclusive.  
4.1.8. Recreational facilities  
Respondents were asked to select from a predefined list of potential recreational 
facilities they would wish to see at Manuel Street Park. This list of priorities is 
indicated in Figure 10 and Table 7.  Respondents were interested in physical 
activities which contribute to their physical well-being. There were different 
interpretations between safety and security in the park, where some respondents 
understood that it was important that children should not run into the road (safety 
issue), while other respondents wanted fencing to keep undesired people out of the 
park (security issue).    
 
 
Figure 10:  Respondent priorities regarding amenities at Manuel Street Park. 
 
Figure 10 shows what is perceived as priority considerations when drawing a master 
plan for rehabilitating MSP. The affordability of implementing some of these options 
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is a key factor in their selection for Manuel Street Park (e.g. TV screens) but outdoor 
gyms are being installed at many parks in the CoJ.  
 
Table 7:  Priorities for the park 
Priority item Number of respondents who selected the 
priority item (respondents could select more 
than one item) 
Play area 28 
Trees 27 
Lawn 26 
Braai area 25 
Play equipment 24 
Waste recycling 23 
Security 21 
Water feature 19 
Flower beds 16 
Ablution facilities 16 
Paving 15 
TV 12 
Green gym 12 
Combi court 12 
Grand total 276* 
*Grand total > total number of responses due to multiple responses 
 
4.1.9. Community involvement in the project 
The communities’ involvement in the maintenance of parks can be a useful voluntary 
contribution and is a key element that must be encouraged to complement existing 
municipal resources and also to promote active citizenry (Nsabimana, 2010; Coghlan 
and Prideaux, 2007). In Chapter Two, it was mentioned that Sherer (2006) found that 
community involvement deterred social and physical disorder in the parks. To assess 
this statement for Manuel Street Park community members, respondents were asked 
if they would like to be involved in the maintenance and development of the park. 
Most respondents reported that they would like to be involved, while a small number 
of respondents did not specify a choice. Those who reported that they would like to 
be involved in the maintenace of the park were asked to specify how they would like 
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to be involved and the majority of the respondents reported that they would like to 
plant trees while some reported that they would like to clean the park. 
 
The results of the survey were used to craft the eventual rehabilitation strategy for 
MSP.  It was interesting to find that respondents had a basic knowledge of AMD and 
the dangers that AMD poses to people, yet they still have a need to use the park for 
recreation. Also, there were various concerns about the general safety of the park. 
There were follow-up comments which were not measured on the survey 
questionnaire. Safety and security at the Manuel Street Park is of great importance 
to the respondents, as it was raised as an important matter in the informal 
discussions.  By-Law enforcement also involves concerns about people drinking 
alcohol and smoking at the park. Informal discussion also revealed that traffic 
calming measures were needed in the area since the park is adjacent to two busy 
roads. These findings also mean that it could be suggested to the local community to 
form a ‘Friends of Manuel Street Park’ arrangement where all work together with the 
City of Johannesburg to restore the park, and make it a healthier recreational 
environment. 
 
4.2. Soil Profile 
This study was set to study the soil profile at Manuel Street Park.  
4.2.1. Results and analysis.  
Soil colour is one of the first characteristics of soil that can be noticed when a soil 
profile is dug.  Soil colour can indicate soil conditions such as organic matter content, 
drainage and water-logged problems and the degree of oxidation (Shukla and 
Varma, 2011). There was light soil colours noticed from the soil profile dug at Manuel 
Street Park, which indicates a low organic, clay content. There was also a region of 
dark colouration within the soil profile which indicates that there is a problem with 
drainage and a high water table, and resultant anoxic conditions associated with a 
slow oxidation of organic content. In Chapter 2, it was mentioned that Inglett (2005) 
found that compacted soil has anaerobic conditions to such an extent that 
germination is hindered due to the absence of oxygen.  
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Furthermore, some of the MSP soil pit layers showed mottled reddish and yellowish 
colours with the fine textures which could indicate that a subsoil material has been 
incorporated in the surface layer at some point. This may this confirm the statement 
by a community member that before a park was developed in Manuel Street, the site 
was a general dumping site (Social survey findings). Furthermore, debris such as 
plastic bags and logs that did not decompose was visible when the soil pit was dug, 
adding evidence that the Manuel Street Park may have once been waste land and a 
dump site. 
 
The water table was located at a depth of 1.2 m below the surface (see Figure 11).  
A sample of the underground water from the soil pit was collected and sent for 
laboratory analysis at UNISA to determine the water quality. There was a strong 
‘smell like mud’ which was thought to indicate an absence of oxygen in the water-
logged soil profile. There was also no sign of root penetration throughout the soil 
profile, perhaps indicating that plant and tree roots could not establish themselves in 
this type of heavy soil. The soil profile indicated many different colours of soils, 
perhaps indicating that when the original landfill and park development done, soil 
was imported. Figure 11 shows evidence of the water table at 1.2 m below the 
surface of the soil pit. Also noted was the grey colour of the lower levels of soil, 
indicating water-logged soil.  In the upper layers there were mixed colours, possibly 
indicating that soil was brought to MSP from other locations, at some unknown date, 
for landscaping and park development purposes. 
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Figure 11:  Soil pit at Manuel Street Park showing different soil profile and a 
shallow water table.  
 
4.2.2 Other on-site observations 
Several site visits were conducted during the study period (March 2013 to October 
2014) to review the park and the Princess Mine Dump from which the acid mine 
runoff pollution emanates.  
Although a formal vegetation audit was not carried out, one of the noticeable 
features of the Princess Mine dump is that there are many species of plants growing 
on the dump, mostly exotics, and including Eucalyptus species, wattle species and 
annual weeds. The Eucalyptus trees were in very poor condition, with several 
species of scale insect infestations evident. Both Eucalyptus and wattle species are 
regularly used in mine rehabilitation and stabilisation efforts, presumably because 
they do tolerate extremely harsh conditions. 
 
An inspection site visit on the 29th March 2014 was conducted by Dr S. Taylor 
(dissertation supervisor), Prof J. Dewar (Co-Supervisor) and Ms Mariette Liefferick 
(Mine pollution activist) to determine the source of the water after a recent overspill 
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into the park.  This overspill occurred within the week of 26th March 2014. Because 
of the structure of the un-rehabilitated Princess Mine dump, there are several small 
dams located within the dump landscape, at a much higher level than the park. 
These dams continue to seep polluted water throughout the year, contributing to on-
going pollution problems, excess water flows in the park, and anaerobic soil 
conditions in the park. Also, children and homeless persons play and wash in this 
water as there are no warning signs on or around the Princess Mine Dump. In 
addition, during the rainy season (October to May) each year, direct flows of acid 
water, tailings material and sulphur can be seen flowing strongly through the park. 
  
In July 2014, CoJ begun to make efforts to rehabilitate the Princess Mine dump by 
using heavy earth moving equipment to restructure the higher areas of the dump and 
create new water retaining areas.  However, there are concerns that this work may 
have a negative  impact on the park should the raining season start before the 
rehabilitation work is completed, as the loosened soil could slump into the park. It is 
a concern that the rehabilitation efforts could also make things worse for both the 
MSP and local residents if apparently unstable new material is not stabilised 
correctly (personal  observation, 2014).  
 
Although only one soil pit was dug at MSP, findings were based on the assumption 
that this soil condition in this pit would represent the general condition of soil at the 
park. From the single soil profile, it was concluded that the soil in MSP is of a very 
poor quality, is heavy and anoxic, and lacks organic matter (Figure 11), all crucial to 
understanding the general poor vegetation cover at the park, e.g. explaining why the 
park’s P.clandestinum grass fails to thrive. In fact, the soil material in the park it may 
not be true ‘soil’, but rather compacted mines tailings material. The samples of soil 
and water that was found underground was tested and found to have a very low pH. 
This basic and quick investigation of soil quality in MSP led to the conclusion that the 
‘soil’ in the park was not conducive to good plant growth, although some trees, 
P.clandestinum grass and annual weeds to grow at the park (Refer to the results 
from the laboratory in Appendix 8).  
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Indeed, observations by City Park officials over the years indicated that, while 
existing large wattle trees survive in the south-west corner of the park, any new trees 
planted by City Parks have failed to thrive and eventually died. The water-logged 
conditions of the park would explain these failures. 
 
It was understood that the poor soil condition was a direct result of: 
(a) The history of the park, which appears to have been originally a mine 
contaminated site and local domestic and building waste dump, and which was 
remediated about forty years ago (local respondent information) by adding new 
material and soil to the site, with a small addition of topsoil to form a public park. 
(b) The on-going contamination with mine-polluted water and tailings material.  
 
These factors will need to be borne in mind when developing a remediation plan for 
the park. 
 
4.3. Greenhouse trials 
4.3.1. Introduction  
Experiments were conducted at the greenhouses at the Unisa, Florida Campus and 
took 10 months to complete. Observations were recorded every three days, to 
measure and photographically record the results and findings of each experiment. 
Kikuyu grass, Pennisetum clandestinum (P.clandestinum), was used as the test 
plant species in the trials.  
The different stages of this are represented by a process flow (Figure 5), to follow 
from the start of the different stages of this study. Also, the chart highlights the 
important points to note from each experiment.    
4.3.2. Controlled conditions in the greenhouse 
For seed to germinate there are critical factors (Table 10) that influence growth.  
These variables include temperature, water and oxygen (Peter, 1981). These factors 
are listed in Table 2 and were simulated at a constant level as per the Unisa 
Standards (Adriaanse, 2014). 
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Table 2:  Controlled greenhouse variables  
Factor Measurement  
Temperature  Day temperature at a maximum of 25ᵒC  Night temperature at a minimum of 18ᵒC  
Humidity 60% to 70% 
Radiation Below 200 watts/m² 
Shade screen 40% 
Light intensity 900 lux to 1600 lux 
 
4.4. Seed Germination test (code PT) 
A germination experiment was set up to determine the viability of the P.clandestinum 
seed provided by the supplier, Sakata Seeds. The supplier stated that the 
germination rate for the batch was 80% - 89%. This germination experiment also 
helped to improve the design of the main experiment (EXP) by observing how long it 
took the seeds to germinate. The germination experiment was also used to 
investigate how the test seed, P. clandestinum, germinated in normal growing media 
and in contaminated soil collected from Manuel Street Park.   
Each of the 512 seeds was sown in soil in separate wells of 128 seed trays (four 
trays were sown) and watered for five minutes per watering intervals.  The 
germination experiment was set up in Zone 4 of the greenhouse.  Germination of the 
P. clandestinum seeds started on the sixth day after sowing (Figure 13), with 33% 
(n=169) of the seeds germinating at this stage. On the 10th day after sowing, the 
seeds and leaves started to develop on all the seedlings. Between day 6 and day 10 
a further 230 seeds had germinated so that 77% (n=399) of the seeds had 
germinated. The average height of the seedlings was 5 cm.  By day 14, 429 (84%) of 
the seeds had germinated. This rate confirmed the specified germination rate 
indicated by the supplier.  
The Seed Germination Test (PT) seedlings were removed from Zone 4 to Zone 7 in 
the greenhouse on day 17, where the watering regime was different,  to reduce the 
moisture on the growing medium.  
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Figure 12:   Normal P.clandestinum seedlings showing root and leaf development 
after 6 days of growth. Photograph taken by author. 
 
 
 
Figure 13:  Normal root development of the seedling in soil plugs after 6 days of 
growth. Photograph taken by author. 
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Table 8:  Pennisetum clandestinum seed germination rates   
Date Plant response Average % 
germination rate 
(four replicates) 
Comment 
 (Day 1) 512 seeds sown 0 % germination  
 (Day 3) 0 seed germinated 0% germination  
 (Day 6) 169 seed germinated 33% germination  
 (Day 10) 399 seed germinated 77% germination  The first leaves developed in 
most seedlings 
 (Day 14) 429 seed germinated 83% germination  
 (Day 17) 437 seed germinated 85% germination Root development established 
 (Day 21)   Leaves yellowing, indicating the 
need to transplant seedlings 
 (Day 24)   Growth was slow but all 
seedlings surviving. Roots fully 
developed. Seedlings 
transplanted into bags. 
 (Day 42)   Spaced out the bags in the 
greenhouse to allow the plants 
to grow better 
 
Figure 15:  Average germination rate of the seed sown. 
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After four weeks of growth and after the supplier’s germination rate of between 80% - 
89% had been confirmed (our germination rate was found to be 84 %), the grass 
plants were removed from the bags to analyse the development of the roots (Figure 
15).  By nine weeks after planting, the grass showed some stress (yellowing of the 
leaves) indicating the need for fertilisation or planting out into the ground or bigger 
pots, or the plants could have been discarded at this stage.  At this stage, the roots 
had filled the bags and there was no further space for the roots to grow, indicating 
that the P.clandestinum seedlings grown in Zone 7 showed vigorous root growth.  
 4.5. Initial Growth experiment (IGE) 
This experiment started on the 5th May 2014 at the Unisa greenhouses.  The main 
objective was to have a better understanding of seedling responses in the 
greenhouse and assist in setting up the main experiment (EXP. This experiment 
(IGE) was a ‘trial and error’ experiment as described by Steffen (2012). 
Replicate seeds in AMD-polluted soils only (IGE 2) showed an initial germination 
after six days, compared to other soil types tested, including. These IGE 2 seeds 
showed a better germination rate for the first week after sowing (Figure 16) and 
seedling leaves were noticed first in this group before leaves had developed in other 
test seedlings. To explain this anomaly where P. clandestinum seeds germinated 
more rapidly on AMD-polluted soil (it was expected that seeds on AMD-
contaminated soils would struggle to germinate), one could speculate that 
germination could have been stimulated by the toxic components of the soil via a 
mechanism that breaks seed dormancy. There are various methods in the 
horticultural industry that can be used to break dormancy (Brickel, 2004). Some of 
these methods include treatments with smoke, heat and cold, soaking the seed in 
warm water and through chemical treatments involving acid (Peter, 1982). Based on 
the results of the greenhouse experiment, it is suggested that the P.clandestinum 
seeds germinated on polluted soil had a shorter germination time because seed 
dormancy was broken by low pH (pH 3.04 from the soil test results) (refer to 
addendum for soil results). However, a quick search on the internet did not reveal 
that P.clandestinum seed had a dormancy factor. This finding would be a prime 
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example of an experimental situation where additional experiments should be done 
to further investigate this finding to find an explanation. 
At the bottom of the tray, treatment IGE 2 was observed to have developed some 
salt accumulation, similar to that of the AMD test experiment IGE. The salt 
formations at the bottom of the trays were similar to those observed on site, and that 
was an indication of lack of drainage and presence of high water table as described 
in soil profile analysis (Lopez-Gomez et al, 2013; Gonzalez-Guerrero et al, 2012).   
 
Figure 16:  Germination comparison for proof of concept experiment. 
 
After 35 days from sowing the seeds, it was noticed that IGE1 and IGE2 were not 
developing further as they did not contain any EM1 preparation, whereas the 
experiments where EM1 was used (IGE5 and IGE6) (see Table 3) were thriving.  
.  
4.6. Main Experiment (code EXP) 
Prior to starting the main experiment, an initial germination experiment (IGE) was 
conducted to acquaint the researcher as to germination and growth of 
P.clandestinum grass seeds and seedlings in AMD soil and in variously treated AMD 
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soil samples. In the main experiment (EXP), a similar method was used to sow the 
seeds as in IGE. The replicates of the EXP experiment were laid out as per Table 
10. 
 Table 10:              Experimental layout of EXP coded treatment regime. 
Soil 
treatment 
code 
Type of 
experiment 
Soil sample 
and additive 
regime 
Water type 1 % EM1 
additions 
number 
of seeds 
sown 
EXP 1 Negative 
control 
Soil Borehole 
water 
- None 
EXP 2 Soil control Soil Borehole 
water 
- 128 
EXP 3 Test 
experiment 
Soil Borehole 
water 
+ 128  
EXP 4 Negative 
control 
AMD soil from 
MSP 
Borehole 
water 
- None 
EXP 5 AMD Soil 
control 
AMD soil from 
MSP 
Borehole 
water 
- 128 
EXP 8 Test 
experiment 
AMD soil from 
MSP  
Borehole 
water 
+ 128  
EXP 6 Test 
Experiment 
AMD soil from 
MSP + 2:3:2 
fertilizer + 
compost 
Borehole 
water 
- 128  
EXP 7 Test 
experiment 
AMD soil from 
MSP + 2:3:2 
fertilizer + 
compost 
Borehole 
water  
+ 128  
EXP 9 Negative 
control (not 
done) 
AMD soil from 
MSP + 2:3:2 
fertilizer + 
compost 
Borehole 
water  
+ None 
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4.6.1 Germination results 
Germination of P.clandestinum seeds started between three and six days after 
planting (Figure 17a). By day 21, germination (the number of seeds germinated) in 
the various experiments had stabilized, i.e. no new seedlings appeared.  Likewise, 
the germination rate (number of germinated seedlings as a percentage of the 
number of seeds sown) had stabilised.  EXP 1 and 4 (negative control) contained no 
added P.clandestinum seeds and showed zero germination (0% germination, 
indicating that the soil (Manuel Street Park soil and normal potting soil) used in the 
experiment did not contain any residual P.clandestinum or other seeds (Figure 17a 
and 17b). This indicated that all germination observed was from the experimental 
sown seed.   
The seeds in EXP 2 (Figure 17b) (germination rate 75%) and EXP 3 (germination 
rate 83 %) were planted in soil without (EXP 2) or with (EXP 3) enhanced 
microorganisms (1 % EM1 treatment), respectively.  This experimental pair showed 
that 1% EM1 slightly enhanced the seed germination  rates  Similarly, EXP 7 (62% 
germination rate) and EXP 8 (63 % germination rate), where the experimental 
treatment consisted of AMD soil without or with fertilizer and compost showed similar 
but lower rates of germination between the experimental pair. Thus, the addition of 
1% EM1 did not seem to effect or improve the germination rate in this experimental 
set. Conversely, a comparison of germination between EXP 5 (no EM1) and EXP 6 
(with EM1) indicated improved germination in EXP 5 (42% germination) over EXP 6 
(22 % germination). This is the only instance in this test where EM1 addition resulted 
in a lower germination rate. This finding should be tested further to find if this is a 
consistent finding.  
However, it was observed that as the EXP regime seedlings developed further, the 
experimental plants treated with 1 % EM1 showed improved development (increased 
height and biomass accumulation) compared to treatments with no 1% EM1.  This is 
indicated figure 18. 
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Figure 17 a):   Germination rate comparison between all main experiments. 
 
 
Figure 17 b):   Germination rate comparison between all main experiments. 
 
A germination percentage was analysed for all experiments (EXP 1 to EXP 8) as per 
Figure 17c. A germination factor was calculated (a figure of 86% was used as a 
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specification from the supplier of seeds (Sakata seed specified 85% to 89% 
germination rate).  The formula used was as follows: 
 
Number of seed germinated    X   100   X       Germination factor (0.86%)  
Number of seed sown        1 
 
 
 
Figure 17c):   Germination percentage with germination factor.  
 
4.6.2 Seedling height results 
The height of seedlings continuously increased and peaked so that after 48 days of 
sowing (Figure 18), there was no further growth in the treatments. It is suggested 
that at this height of 30 cm, P.clandestinum had reached its maximum height under 
these growing conditions. The average height of seedlings in each experimental set 
was measured. [EXP 19 (n=0); EXP 2 (n=96); EXP 3 (n=100); EXP 4 (n=0); EXP 5 
(n=55); EXP 6 (n=33); EXP 7 (n=79) and EXP 8 (n=80)].  The data from this 
experiment was collated as figure 18. 
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Figure 18:  Comparison of average height development of plantlets as per the 
different treatments (EXP 1 – 8). 
 
4.6.3 Average dry weight results 
Experimental plants treated with 1% EM1 (i.e. EXP 8, 7 and 3) showed a greater 
average dry weight (ADW) compared to control plants without 1% EM1 (EXP 2, 4, 5 
and 6) after 50 days (see table 10 for treatment details).  Average dry weight results 
were determined, and values indicated in figure 19. These results suggest that EM1 
contributes to a gain in ADW in experimental treatments where 1% EM1 was added. 
[EXP 19 (n=0); EXP 2 (n=96); EXP 3 (n=100); EXP 4 (n=0); EXP 5 (n=55); EXP 6 
(n=33); EXP 7 (n=79) and EXP 8 (n=80)].  As mentioned in the literature review, 
EM1 can increases crop yields (Satyanarayana, 2012), and the results of this 
experiment appears to confirm this.  Thus, 1% EM1 may contribute to a significant 
increase in biomass production (measured as ADW) of seedlings.   
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Figure 19:  Average dry weight comparisons between all main experiments (EXP 
series) 
 
4.6.4 Assessment of soil controls 
The two negative controls were plotted against each other. Germination of only a 
single contaminant plant was observed in EXP 1, and this was identified as Tagetes 
minuta.  The germination occurred at 12 days and the plant died after 24 days. This 
germination result did not negatively impact on the research as the seed that 
germinated was obviously not that of P.clandestinum.  The germination developed to 
0.3 cm, before it died. The weight of the seedling could not register on the digital 
matrix scale used to measure the seedlings.  
4.6.5 Pair-wise treatment comparisons 
The growth of plants in EXP 2 and EXP 3 (in normal soil without or with EM1, 
respectively) were compared and it was observed that there was minimal difference 
regarding germination between the two experiments.  The results of this experiment 
are indicated in figure 20. This suggests that EM1 does not promote the germination 
of seed. Seedling germination stabilized within 18 days of sowing, i.e. no further new 
seedlings appeared. Furthermore, as indicated in figure 21, the height of these 
plants was similar.  This suggests that EM1 did not contribute to the development of 
the seedling in terms of height in normal soils.  
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Figure 20:  Comparison of germination between plants in EXP 2 and EXP 3 
 
 
Figure 21:  Comparison of height between plants in control treatments EXP 2 and 
EXP 3 
 
The plants in control treatments EXP 2 (germination rate of 75%) and EXP 3 
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100% in mass over the control plants (no EM1) These results are shown in figure 22 
and suggest that under normal soil condition, plants treated with EM1 will gain 
relatively more biomass compared to those plants that are not treated with EM1, an 
important finding.  
 
Figure 22:   Comparison of average dry weight of plants in EXP 2 and EXP 3  
 
Plants in treatments EXP 5 and EXP 8 were then compared.  These plants were 
grown in AMD soil without or with EM1, respectively. EXP 8 (with EM1) showed an 
increase in the germination rate of the seeds compared to EXP 5, and this may 
indicate that the addition of EM1 contributes to germination of seeds in mine polluted 
soil, although EM1 did not make a difference in treatments  The relative germination 
rates are indicated in figure 23. Sustained germination and seedling development 
was noted in the EM1-treatred plants but the number of seedlings in EXP 5 showed 
a decline after 20 days so that 6 seedlings had died within 30 days.  This suggested 
that seedlings from EXP 5 were under severe stress while seedlings in the presence 
of EM1 (EXP 8) did not show die-off.  This result confirmed that the seedlings treated 
with EM1 were healthier than those without EM1.  
Likewise, development of seedlings in terms of height in AMD soil with or without 
EM1 differed. The average height of the plants in the two treatments was determined 
and plotted against each other. It was observed that treatment with EM1 increased 
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plant growth and height development compared to the control plants.  This is 
indicated in figure 24, suggesting that EM contributed to the height development of 
seedlings.  It was also observed that the difference between the average height of 
the plants between the EXP 5 and EXP 8 increased over time.  Thus, it was 
concluded that EM1 makes a long-lasting contribution to the height development of 
seedlings.  It was also interesting to note a stabilisation in the EM1-treated plants at 
day 9 (for around 3 days) and again at day 27 (for around 6 days) before there was 
further growth in the plants.  Rather than indicating an artefact in the experiment, this 
may reflect an evolving beneficial dynamic between the plant roots and surrounding 
enhanced microorganisms leading to stimulation in plant growth.    
 
Figure 23:  Comparison of germination between plants in EXP 5 and EXP 8  
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Figure 24:  Comparison of plant height gain over time between EXP 5 and EXP 8  
 
As shown in figure 25, the ADW of EXP 5 and EXP 8 were plotted against each 
other.  In addition to the relative increase in height shown by the plants in the 
presence of EM1 (Figure 24), this shows that the plants in EXP 8 had increased their 
weight about six-fold in comparison to the plants in AMD soil.  This result indicated 
not only that plant growth in AMD is compromised but also that EM1 contributes 
significantly to the development of seedlings.  
 
Figure 25:  Comparison of average dry weight between plants in EXP 5 and EXP 8  
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Germination between EXP 6 and EXP 7(plants growing in AMD-polluted soil + 
compost + fertilizers without or with EM1, respectively) were plotted against each 
other. There was a significant difference in terms of germination of the seeds, as 
shown in figure 26. Plants in EXP 7 showed 80% germination of seeds compared to 
the 32% showed by the seeds in EXP 6 (without EM1).  It can be concluded that EM 
beneficiates AMD-polluted soils supplemented with compost and fertilizers.  After 21 
days (without EM1) and after 27 days (with EM1) of sowing, germination of seedlings 
showed no further increase and seemed to have stabilized.  
Development in height of plants in EXP 7 was much improved over plant height in 
EXP 6, suggesting that EM1 does contribute to the development of plants in terms of 
height. This is indicated in Figure 27. Furthermore, the development of seedlings 
seemed to have increased with time, suggesting that EM1 has a long-lasting benefit 
to plants, similar to the conclusion made on EXP 5 and EXP 8, as indicated in figure 
23.   
 
Figure 26:  Comparison of seed germination between EXP 6 and EXP 7  
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Figure 27:  Comparison of plant height between plants in EXP 6 and EXP 7  
 
The ADW was determined in plants from EXP 6 and EXP 7 and was plotted as 
shown in Figure 28. The plants in EXP 7 exposed to EM1 showed a fourfold greater 
concentration in ADW compared to the plants in EXP 6, suggesting that EM does 
contribute on the ADW development of plants on polluted soils, with the addition of 
compost and fertilizers.  
 
Figure 28:  Comparison of average dry weight between plants in EXP 6 and EXP 7 
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Table 11:            Summary of EXP trial treatment and findings 
Soil 
treatment 
code 
Type of 
experiment  
Soil 
treatment 
regime 
1 % 
EM1 
additi
ons 
Number 
of seeds 
sown  
No. of 
plants that 
germinated 
after 21 
days 
Rate of 
germinatio
n 
(seedlings 
germinated 
versus 
seeds 
sown) as % 
Average 
height 
(cm) 
after 50 
days 
Av Dry 
Weight 
(g) 
after 50 
days 
Best 
regime 
(highest 
score)* 
EXP 1 Negative 
control 
Soil - None 0 0 0 0 0 
EXP 2 Soil control Soil - 128 96 75 17 0.23 211 
EXP 3 Test 
experiment 
Soil + 128  100 78 19 0.44 301 
EXP 4 Negative 
control 
AMD soil 
from MSP 
- None 0 0  0 0 0 
EXP 5 AMD Soil 
control 
 
AMD soil 
from MSP 
- 128  55 43 9 0.03 107.3 
EXP 8 Test 
experiment 
AMD soil 
from MSP  
+ 128  33 25 9 0.14 81 
EXP 6 Test 
Experiment 
AMD soil 
from MSP 
+ 2:3:2 
fertilizer + 
compost 
- 128  79 62 30 0.58 229 
EXP 7 Test 
experiment 
AMD soil 
from MSP 
+ 2:3:2 
fertilizer + 
compost 
+ 128  80 63 19 0.16 178 
EXP 9 Negative 
control (not 
done) 
AMD soil 
from MSP 
+ 2:3:2 
fertilizer + 
compost 
Not 
done 
None 0 Not done 0 0 0 
*Numerical scores added up, without weighting and with rounding up of numbers, and 0.14 
considered as ‘14’ to create a numerical score. 
From  table 11, it can be seen that treatments with EM1 do not increase plant 
performance when all factors (germination rate, height and average dry weight) are 
considered, although in some instances (average dry weight), performance is 
enhanced by the presence of EM1 (EXP 3 and EXP 6). For some as yet unknown 
reason, the presence of EM1 greatly enhanced germination in the AMD soil (with 
chemical fertilizers and compost) as per treatment EXP 7.  This is a promising 
finding for the use of EM1 on contaminated mine soil. 
4.6.6 Exploration of root development and EM1 impact 
Root development was also compared between plants grown in soil with and without 
the addition of EM1.  The plants are part of EXP2 and EXP3 treatment regimes, 
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respectively as shown in figure 29; EXP5 and EXP8 in figure 30, while findings of 
EXP6 and EXP7 are shown in figure 31.  
Roots of the seedlings treated with EM1 developed better compared to the seedlings 
not treated with EM1 and this finding supports the conclusion that, in addition to 
germination, plant growth and increase in average dry plant weight, EM1 contributes 
to the development of good root systems for plants. As root development forms the 
basis of a healthy and competitive plant, this result is an important finding for the 
application of EM1 to remediation situations where plants must be established and 
grown on contaminated soil. Thus, for a park such as MSP, the development of 
robust plants that can survive the poor soil quality is crucial to creating a park that is 
aesthetically pleasing for local residents, despite the inherent soil contamination 
problem. 
 
  
Figure 29:  Comparison of root development between plants in EXP 2 and EXP 3. 
The plant on the right was treated with EM1. Photograph taken by 
author 
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Figure 30:  Comparison of root development in plants in EXP 5 and EXP 8. The 
plant on the right was treated with EM1. Photograph taken by author 
  
Figure 31:  Comparison of root development in plants in EXP 6 and EXP 7. The 
plant on the right was treated with EM1. Photograph taken by author 
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Table 12:  Progress of growth of seedling roots  
Experiment 
No 
Development of roots  after 
50 days 
Comment 
EXP 1 No assessment done.  A seedling identified as 
Tagetes minuta germinated 
after 9 days, but died after 24 
days. 
EXP 2  Good root development.  Roots had developed but not 
down to the base of the 
seedling tray. 
EXP 3 Good root development.   Roots had developed down to 
the base of the seedling tray. 
EXP 4 No assessment done.  No germination  
EXP 5 Good root development  The roots had developed well, 
but did not fill the wells of the 
seedling trays compared to 
EXP 8.  
EXP 6 Poor root development The roots appeared to be 
shallow and thin, and did not 
reach the bottom of the 
seedling tray.   
EXP 7 Poor root development.  The roots appeared to be 
deeper and thicker compared 
to EXP 6, and they reach the 
bottom of the seedling tray.   
EXP 8 Excellent root development The roots had filled the wells of 
the seedling tray, showing 
excellent growth.  
 
4.7. Park rehabilitation and renovation 
It is important to include parks in new urban settlements, but once city suburbs are 
laid out, it is also necessary to maintain and improve existing urban parks and open 
spaces to ensure that they continue to provide liveable and healthy public open 
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spaces. Manuel Street Park is an important feature in Davidsonville, an established 
poor suburb of Johannesburg (Roodepoort) as it provides psychological and 
physiological relief from city life to the users of the park. This was confirmed by a 
survey of 60 respondents in this study. Yet the park needs new investment to make it 
a ‘liveable and healthy public space’  
 
Because of the history of pollution which has affected this park for about 40 years 
(respondent information), it is difficult touse the results of this study to make an 
informed decision as to appropriate remediation treatment for MSP and, thus, the 
associated funding required for this treatment.  In addition, there is on-going pollution 
emanating from the un-rehabilitated Princess Mine dump.  Therefore, delays in the 
implementation of remediation and the ongoing pollution contribute to a series of 
risks inherent in MSP.  These are shown in table 13, and are compiled from the 
findings of this study, as well as from site visits and discussions with the research 
group (author, supervisor and co-supervisor), as well as the ward councillor and 
activist, Ms Mariette Liefferick. 
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Table 13:  A risk assessment for Manuel Street Park (author’s suggestions)  
Risk  Risk score Mitigation suggested to reduce risk (author’s 
suggestions) 
Long term respiratory health 
risks to residents who live 
downwind of Princess Mine 
dump and Manuel Street Park 
Likely This risk is apparently difficult to prove 
causality. However, measures by CoJ to either 
remove or vegetate the Princess Mine dump 
could reduce this risk. It is unlikely that the 
Davidsonville residents will be relocated. 
Long term general health risks 
to users of the park – polluted 
soil and water 
Expected Remove the water from the park by better 
drainage, or improve quality of water in the 
park through installation of an artificial wetland. 
Restructuring and/or removal of the Princess 
Mine dump so that acid water and tailings 
materials no longer flow into the park or 
surrounds. 
Short term health risks to 
users of the park – skin 
complaints from children who 
play in polluted water 
Likely Signage to be placed at the park. Wet areas to 
be fenced. 
Remove water from the park by improving 
drains at the park. 
Education provided to communities in and 
around Davidsonville concerning 
environmental hazards. 
Acute risk of Princess Mine 
Dump avalanche or ‘slump’ 
and risk to houses next to the 
dump. 
Expected Geologist needs to assess the stability of the 
Princess Mine dump, particularly the new 
landscaping work that has occurred. 
Acute risk of Princess Mine 
Dump avalanche or tailings 
material ‘slump’ and polluted 
water and tailings material 
dumped in park 
Likely Geologist needs to assess the stability of the 
Princess Mine dump, particularly the new 
landscaping work that has occurred. 
Short to medium term risk to 
financial expenditure by CoJ to 
remediate the park. Any 
remediation actions will be 
compromised by on-going 
pollution from the dump 
Likely Any rehabilitation work, as well as the building 
of new infrastructure at the park (braai facilities 
and other items requested by study 
respondents) must be weighed up against the 
impact of on-going dust and water pollution 
from the Princess Mine dump (see Section 
4.5.5) 
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4.8. Design layout. 
4.8.1. Drainage system.  
The drainage system layout is suggested in Appendix 13. This drainage system is 
designed to remove underground water that was encountered when a soil profile 
was excavated in MSP. Furthermore, the drainage system is intended to divert 
surface water as seen on the contours in the diagram in appendix 13. The collected 
water will be channelled to the existing storm water drain which flows though the 
wetland.  The long-term solution as to how the polluted water should be treated still 
requires further research.   
4.8.2. Ablution block. 
The MSP is currently categorised as a Developed Park, which means it does not 
have an ablution block.  However, survey respondents indicated from this study that 
toilet facilities were needed at MSP. As per JCPZ Health and Safety Standards, 
ablution facilities should also cater for disabled persons and this will then change the 
category of MSP from Developed Park to Flagship Park. The specifications are 
outlined in Appendix 14.   
4.8.3. Play equipment. 
As per the expectation of the participants to the survey (Figure 10), play equipment 
was incorporated in the design. Standard playground equipment and their 
specifications are outlined in Appendix 15. The equipment includes a roundabout, 
balancing play structure, swings and a slide.  
4.8.4. Gabions. 
In order to minimise vandalism, seating areas are proposed to be gabions. Appendix 
16 shows the assembly details of the gabions for MSP. Materials used are proposed 
to be wire mesh, stones and concrete   
4.8.5. Proposed landscape master plan.  
The final design will include raised walkways and a foot bridge to deal with future 
overflow. Active recreation areas were included in a form of traditional game (cement 
chess area), amphitheatre and children play area. The existing grassed area will be 
planted with trees as per Appendix 17.    
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4.8.6 Design perspectives. 
Appendix 18 shows the design perspectives of how MSP will appear after 
completion. This plan could be presented when public consultation is done by JCPZ 
officials.  
 
4.7. Bill of quantities. 
Costing of all the proposed work was done. Costs are based on the current rate for 
landscaping and suppliers. The total cost for the project will be almost three and a 
half million Rand all-inclusive as indicated in table 14. The project could also be done 
in phases depending on the availability of funds.  
  
 Table 14:  Estimated costs of the MSP rehabilitation project.  
Item number Description Amount 
1 * Preliminaries and general R200 000.00 
2 ** Miscellaneous  R163 714.50 
3 *** Earthworks and composting R230 000.00 
5 **** Planting R335 400.00 
6 ***** Specialised installations  R1 728 500.00 
 Total R2 657 614.00  
 Contingencies R159 456.80 
 Total R2 817 071.00 
 VAT @ 14% R394 389.00 
 Total estimated cost of project R3 211 460.00 
* refer to Table 15 for details of preliminaries ad general.  
** refer to Table 16 for details of miscellaneous.  
*** refer to Table 17 for details of earth works and composting. 
**** refer to Table 18 for planting details. 
***** refer to Table 19 for specialised installation. 
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Table 15:  Details of preliminary and general MSP rehabilitation activities  
Item 
NO Preliminary and general. Units Quantity Rate Total 
1.1. 
Site establishment: the 
appointed contractor should 
make provision for a site 
office for meetings as per 
requirements by health and 
safety regulations.  
Once 
off 1 R15 000.00 R15 000.00  
1.2. 
Provision of portable ablution 
facilities to be permanent for 
the duration of the 
construction.  months 4 R1000.00 R 4 000.00 
1.3 
Signboard indicating the 
details of the project as well 
as Personal Protective 
clothing and equipment 
necessary.  
Once 
off 1 R10 000.00 R10 000.00 
1.4 
A security guard to be placed 
on site for the duration of the 
construction. months 4 R15 000.00 R60 000.00 
1.5. 
Health and safety 
compliance: safety plans; 
safety officer to be on site at 
all times; first aid kit and 
purchase of PPE; safety file.  months 1 R43 000.00 R43 000.00 
1.6. 
General requirements: fire 
protection; training for local 
labour; establishment for 
Environmental Management 
Plan 
Once 
off 1 R76 000.00 R76 000.00 
 
Total for preliminary and 
general. 
   
R200 000.00 
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Table 16:  Details of miscellaneous expenses  
Item 
NO Miscellaneous  Units Quantity Rate Total 
2.1. 
Earth works to clear the site 
and soil preparation. m² 24254 R4.50 R109 143.00 
2.2 
Removal of all unwanted 
material to the depth of 
150mm deep. m² 12127 R4.50 R54 571.50 
 Total for miscellaneous     R163 714.50 
 
Table17:  Details of earthworks and composting expenses  
Item 
NO 
Earth works and 
composting.   Units Quantity Rate Total 
3.1 
Scarifying the soil do a 
depth of 300mm for lawn 
areas.  m² 14 780 R4.50 R66 510.00 
3.2 
Fine grading to the 
tolerance of 30mm when 
measured from the basic 
topographic line.  m² 7 200 R4.50 R32 400.00 
3.3 
Importing of good quality 
topsoil for all planting 
areas. m³ 210 R300.00 R63 000.00 
3.4 Compost  m³ 200 R320 R64 000.00 
3.5 2:3:2 Fertilizers kg 10 R450.00 R4 500.00 
 
Total Earth works and 
composting    R230 000.00 
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Table 18:  Details of planting details and expenses 
Item 
NO Planting   Units Quantity Rate Total 
4.1 
Trees species: (in a 1000L 
bag) 
Celtis africana; Combretum 
erythrophylum;  Rhus lancea n/a 100 R1 500 R150 000.00 
4.2 
Shrubs and ground covers:  
Chondropetalum tectorum; 
Bulbine frutescens; Dietes 
grandiflora; Phormium tenax 
and Agapanthus africana. n/a 1 600 R9.00 R14 400.00 
4.3. Lawn: P.clandestinum  m² 9 500 R18.00 R171 000.00 
 
Total estimated cost of 
planting    R335 400.00 
 
Table 19:  Details of specialised installation  
Item 
NO 
Specialised 
installation Units Quantity Rate Total 
5.1 
Litter bins: to have a 
dimension of 
750x600x1300mm high. n/a 15 R1 800.00 R27 000.00 
5.2 
Natural rock boulders 
including geo-fabric n/a 10 R850.00 R8 500.00 
5.3 Paving:  m² 2300 R220.00 R506 000.00 
5.4 
Garden kerbs: 
500x300x75mm n/a 1600 R50.00 R80 000.00 
5.5 
Pre-cast picnic set and 
braai unit n/a 3 R6 500.00 R19 500.00 
5.6 Concrete bollards n/a 300 R400.00 R120 000.00 
5.7 Seating walls n/a 20 R3 500.00 R70 000.00 
5.8 Fencing: 0.5m high m 450 R250.00 R112 500.00 
5.9 Walk on chessset n/a 2 R50 000.00 R100 000.00 
5.10 Entrance feature n/a 3 R30 000.00 R90 000.00 
5.11 Amphitheatre  n/a 1 R70 000.00 R70 000.00 
5.12 Subsurface drainage n/a 1 R100 000.00 R100 000.00 
5.13 Ablution facilities n/a 1 R300 000.00 R300 000.00 
5.14 Playground equipment n/a 4 R31 250.00 R125 000.00 
 
Total for specialised 
installation    R1 728 500.00 
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4.8. Maintenance Plan 
4.8.1. Watering of lawn and trees in quantities to surface roots 
All lawn and trees should be adequately watered at a minimum interval of once per 
week for the first year after the end of the three-month established period, in order to 
ensure proper growth until an acceptable leaf cover has been established. Watering 
should be done twice per week from September – April and once per week from May 
– September. 
4.8.2. Pruning, including the removal of dead or broken branches  
All plants should be neatly pruned once per year in August to remove dead branches 
by using a clean and sharp cutting tool (bow saw or chain saw). Each plant should 
be pruned to preserve its natural form and character and in a manner appropriate to 
its particular requirements.  Pruning cuts should be sealed up with accepted tree 
sealer. 
4.8.3. Fertilizing and soil improvement  
All lawn areas should be dressed once per year during September, spreading the 
mixture evenly over all lawn areas to a maximum depth of 20mm. Lawn area should 
be fertilized three times per year during the growing season-starting in September, a 
second application in November and a final application in February each year. 
Fertilizer should be a mixture of 2:3:2 (22) and Superphosphate-applied as per 
product specifications.  Tree bowls to be thoroughly watered into the soil to avoid 
burning. Tree should be provided with compost twice per year- once in September 
and once in January each year.  The compost should be worked into tree bowls but 
care should be taken not to increase the height of the soil around tree stem. 
4.8.4. Mowing and edging of lawn areas 
The lawn areas should be mowed on a weekly basis using a lawnmower set to the 
appropriate height. All edges joining structures such as pathways, roads curbs, 
fences, bollards, play equipment etc. shall be trimmed with an edge trimmer on a 
weekly basis. All loose stones and rocks shall be removed from the lawn area to 
ensure people are not hurt during mowing of lawns.  
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Chapter 5: Conclusions and recommendations  
5.1. Conclusions 
The findings of this study confirmed the Hypothesis H1 (Addition of EM1 to acid mine 
drainage (AMD)-polluted soil improves the soil quality sufficient for its use as part of 
a bioremediation treatment programme. The information gathered was a useful tool 
and created a good opportunity in the rehabilitation of the park. The mining legacy 
imposed a cost on JCPZ in that they (JCPZ) are obliged to budget for remediation 
activities in their parks. This uses funds that could be used for other projects 
identified on the IDP of CoJ.  
5.1.1. Social survey. 
The statistical analysis could not be included due to the relatively small number of 
questionnaires completed. 
Most respondents to the survey who utilize Manuel Street Park were aged between 
18 and 25 years and the age group least likely to use the park were older than 55 
years. This could be explained by young people enjoying outdoor environment. Most 
survey participants were born in Davidsonville, confirming the finding that the age 
group 18 to 25 year olds is the largest group of people utilising the park.  People in 
this age group live less than 5 minutes’ walk from the park. 
Some people who participated in the survey appeared to know what AMD is and the 
impact of mine run-off on the MSP, and they had also noticed the mine run-off at 
MSP. However, more awareness and education needs to be introduced by JCPZ to 
explain the actual danger of AMD to the community and local ecosystems and the 
correct terminology surrounding AMD, especially within the group that did not specify 
knowledge of AMD. The MSP is used for leisure and relaxation, so the designs were 
based on community needs. There were participants who were interested in being 
involved on the development and maintenance of the park.  This could be a good 
indication that the community could look after MSP to sustainably benefit from the 
rehabilitation of the park. Play areas, trees and grass were the most required items 
indicated by the participants as important improvements to the park. 
Based on the questionnaire findings, other needs identified by the community like 
outdoor gym, TV and Combi court will be expensive additions, and will have to wait 
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until the future of the park is decided in relation to the eventual removal of Princess 
Mine Dump. Any expensive infrastructure would be damaged or destroyed during 
this removal process (see community needs in Section 4.1.8). 
5.1.2. Soil profile 
There is a problem with MSP soil because it is polluted with heavy metals and has a 
low pH, and there is a shortage of oxygen due to compaction and waterlogged soil 
conditions. The quality of soil will remain bad unless remediation and restoration is 
implemented. The water table is also shallow, and the water has low pH value (pH 
3.04). Little or no vegetation can grow if the soil is un-remediated, and a drainage 
system needs to be installed to minimise the contamination of the park by mine 
runoff. The MSP soil contamination is an enormous challenge and to remediate the 
soil with EM1 only will be difficult. Because of these reasons, another approach 
should be implemented, like the proposed sketches of designs (drainage system, 
raised walkways etc.).  
5.1.3 Water and soil test results 
Water and soil samples from the soil pit (Figure 11) were collected and tested in a 
laboratory at Mogale City. The physical, chemical and organoleptic features of these 
soil and water samples were analysed and recorded (as per appendix attached). The 
water quality indicated contamination as shown by an electro-conductivity of 473.0 
mS/m. The normal electro-conductivity for normal water is between 5 mS/m and 50 
mS/m, and this shows that water sample from the soil pit is very high in electrical 
conductivity.2  The pH of the water sample was recorded pH 3.24 which is acidic. 
The soil was unhealthy with low pH 3.04 compared to pH of normal soil of between 
pH 5.5 and pH 8.0.3  
5.1.4. Greenhouse trials 
This greenhouse study showed that P.clandestinum can be used to stabilize mine 
polluted soils, however compost and EM1 should be used in any rehabilitation 
                                                          
3 http://www.fondriest.com/environmental-measurements/parameters/water-quality/conductivity-
salinity-tds/# .2 n pH 6.5 and pH 8.5.  http://www.water-research.net/index.php/ph 
3 http://pss.uvm.edu/ppp/pubs/oh34.htm.  
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activities with this grass as the plant grows better with added nutrients. Thus, EM1 is 
useful to assist the growth and development of P.clandestinum as indicated by the 
increase in average dry weight of plants growing in the presence of EM1. No 
experiments were carried out to establish what happens to the heavy metals in the 
soil after treating with EM1. In MSP the soil contamination situation is much more 
complex than the greenhouse experiments, because of serious on-going problems 
with soil quality, or salt build up, poor drainage and mine water runoff.  
Greenhouse trials were useful in demonstrating that EM1 has beneficial qualities, but 
an EM treatment on site would require additional investigations. EM1 treatments 
could be applied at MSP through an irrigation programme, irrigating at a rate of 1%, 
to contribute to the remediation of the soil at park scale. Greenhouse trials 
conducted showed that the use of EM1 is beneficial to plants, although the scale of 
the experiment was small.  It is suggested that more trials should be conducted at 
Manuel Street Park, to determine if EM1 could be a cost effective formulation to 
remediate the polluted soil. At best, EM1 would have to be applied over a long period 
of time through irrigation, although in practise, the park is already suffering from 
water-logging and flooding. However it is suggested the implementation of the plans 
together with addition of EM1 will contribute to the remediation and rehabilitation of 
MSP if used in combination with other treatments and approaches (for example, 
increasing drainage in the park).  The rehabilitation plans developed for MSP as part 
of this study show that a drainage system is needed to remove contaminated water 
from MSP to the storm water drainage already on site, and that putting in this system 
will be a good starting point. Building walkways across the park will assist access to 
and through the park during the summer rainfall months should there be another 
overflow at a large scale, as people can still access the park over the wet areas.  
5.1.5. Rehabilitation strategy 
A set of environmental risks were identified from site visits during the study. Through 
site visits and discussions with experts Ms Mariette Liefferick and community 
representatives it was realised that the environmental challenges were substantial 
and total remediation of this park may/would not be possible. For this reason the 
master plan for a proposed new park design will seek to reduce direct contact 
between people and pollution through a system of raised walkways and drainage 
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infrastructure.  The findings of this study will make a positive contribution towards 
this master plan and designs with costing will be submitted to JCPZ for consideration 
and budget planning. 
 
5.2 Recommendations  
The following are recommendations that came from the study: 
i) The information gathered about the use of EM1, fertilizers and compost 
additions to contaminated soils during the greenhouse trials could be 
useful if crafted into a more comprehensive rehabilitation plan for MSP. 
The use of EM1treatment alone would probably be ineffective to remediate 
the soil at MSP.   
ii) From the study it is recommended that the community is always consulted 
in any local park rehabilitation programme. The community is likely to have 
useful information or specific requirements that need to be incorporated in 
the rehabilitation programme.   
iii) When planning rehabilitation of a municipal park, it is recommended that 
the types of studies performed in this investigation are carried out (social 
surveys, soil profiles, soil and water analysis, on site visits at different 
times of the year, as well as selected greenhouse trials with new treatment 
protocols like EM1).  
iv) This study was addressed using a horticultural approach but it was 
realised that the problem of contamination at MSP is beyond the 
horticultural field and requires a multi-specialist approach.  It is thus 
recommended that a civil engineer, hydrologist and other specialists be 
consulted to assess the pollution of MSP and contribute towards the 
rehabilitation of MSP.  
v) An evaluation of the other seven parks and open spaces in Region C near 
the mine dumps should be carried out to assess the potential health and 
environmental risks that exist, and with a view to carrying out future 
rehabilitation. Furthermore, an even bigger study should be done to look at 
all the parks and open spaces around the CoJ where there may be risks to 
public health from mine contamination.  
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vi) There is a programme at JCPZ called ‘Jozi at work’, and its intentions are 
to utilize the community to maintain neighbourhood parks instead of 
contractors.  This programme also intends to address the issue of un-
employment in the previously disadvantaged areas like Davidsonville. It is 
recommended that the community of Davidsonville participate in this 
program, especially the unemployed youth who do not yet have skills to 
make a living.  
vii) Environmental awareness education programs needs to be conducted in 
the Davidsonville community to improve their knowledge regarding mine 
pollution and to get their buy-in, approval and involvement in the 
rehabilitation of their park. It is recommended to establish an information 
sharing process where the knowledge of mine pollution by the community 
plus scientific knowledge could be used to create the rehabilitation of the 
MSP. Also importantly, through this process the community will be able to 
share their concerns with CoJ and amongst themselves on an on-going 
way, rather than just receiving environmental awareness from the CoJ.   
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